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. ·ABSTRACT 
Methods used by electric power companies for estimating 
1 future loads as a. basis for timing generating capacity additions 
have been exam11ned. It has been found that these estimates deviate 
widely. from time to time from the -loads subsequently experienced. 
A method is developed for interrelating the total annua.l_ energy 
requirements, annual energy sales by classes, and the annuaJ. peak· 
I ' r.1 
1 "' 1)' 
loads as a possible basis for impro_ving the tim1ng of generating 
capacity additions • 
viii 
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A STUDY OF LOAD GROWTH CHARACTERISTICS OF 
ELECTRIC POWER SYSTEMS AS RELmD TO TOONG 
GENER/d'Ilfa CAPACITY ADDITIONS 
·.~ 
Whenever the load of an electric power system outgrows the · 
system capacity additional generating capacity mu.st be provided. 
·This problem calls for the projection of load requirement~ in 
relation to the probable availability of system capacity. Both of 
these aspects are important. The latter, namely, the problem of 
the probability of availability of capacity, has been examined 
extensively(l), vhile the former has attracted less attention in 
the literature( 2 ). ·~-
In spite of the extensive studies that have been made of 
the subject of probable future loads, much can be accomplished by 
wa:y of improving the timing of 1 ge ~ating_capacity additions so as 
l· 
to minimize economic losses that accrue when ·capacity additions are 
provided either too far in advance or too-much after .their actual 
need. It is not attempted herein to improve ori the heretofore more 
generally used specific methods themselves of treatment of loads 
for use in the determination of installed generating capacity 
requirements, but rather to improve on the results in the sense_ 
of improved timing of generating capacity additions by the use of 
an entirely different approach from that more generally used and 
which is an extension and refinement of a general approach 
-- ---------.--;-----,---------·-------- --------~------..:.. -------~ --------
., 
----------
-
-------------
----- ---
----- --------
----- --- ----
- -----~- .~ . _____ .......,,... ___
___ ·~·- - - -- ._...,..--., - - - --
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originally advanced more than ten years ago(3), but which, in so 
far as is known,. has been used very little to date. This approach 
is. divided naturally into two ,a?arts, one .of which is the problem 
of the general load level, which is the subject of this study, and 
the other is the problem of the seasonal trend of the daily peak 
loads together with their probable variations therefrom. This 
\ 
latter·aspect is beyond the scope of this study. 
GENERAL,-
The traditional approach to the problem of timing the 
installation of additional generating capacity on an electric $ ~ 
. 
power system is to attempt to forecast specific future loads in 
terms of a projected time interval and to provide needed additional 
capacity. Currently, this time interval is four_ to five years. 
The most economical timing of the installation of additional 
generating capacity, in so far as load· growth is a factor, would 
be achieved if it were possible to forecast such future loads with 
precision. As might be expected, this is not possible. In fact 
it has been found that large deviations will occur from time to 
time between actual loads and those predicted by earlier forecasts. 
This is due largely to over optimjsm with respect to 
forecasts made during periods when high level loads are being 
2 
---···--- ---~--· ---,-. ··~. 
experienced and of over pess;imism during periods of low level 
~-·------
"-,, 
_,; 
' ~ 
; 
_.;--
,. 
:~: 
; . 
. 
----·--~---
~ 
loads. A natural. result of such experience is that either. too 
much or too little generating capacity is provided from time to 
. time than ro1ght otherwise be reasonably required. 
... : 
The material pre,sented here analyzes past load fore-
casting experience, sets forth generally some of the bases 
frequently used to forecast specific loads, analyzes various 
aspects of load growth characteristics and makes a general 
recommendation which it is believed will result in the beneficial 
effects of reducing the larger excesses of c·apacity over load 
and o·f incre.asing the smaJ ler. 
LOAD FORECASTING EXPERIENCE . 
' 
. 
Tables I and II show comparisons between actual annual 
peak loads and those forecast four and three years in advance, 
respectively, for four different companies. ~he characteristics 
as to both the order of magnitude of the deviations of the 
actual loads from those forecast and their timing, as- shown on 
these two tables, are sufficiently similar that any conclusions 
as to the ability to forecast future loads reasonably closely 
would be equally valid if based on either one or the other. 
This relationship indicates, as might be expected, that--·it is 
essentially as difficult to forecast accur·ately future loads 
closely three years in advance, as it is for four years. Then, 
l.: 
.3.: 
,. 
f: 
,. 
; 
,. 
! 
since this is so and data for three years are more readily 
available than for four, 1 t is immaterial whether we use data 
· for three or four years for study purposes. 
Data for· three-year forecasts are. shown on Ta.ble III, and 
show the same general range of magnitude of deviation of actual 
loads from those forecast as do Tables I and II for the same period. 
It will be further noted that Table III, in addition to showing this 
relationship between forecast and actual loads, also shows the 
ratios of the capability of the generating capacity to both the 
forecast and actual peak loads together with the respective 
averages of these ratios, which latter are shown there to compare 
very closely. These general relationships are assumed to hold 
reasonably well for a much longer period than that for which 
Table III was prepared. The data of Table IV, which is for the 
total electric utility industry for the contiguous United States 
and which extends over the 41-year period beginning with 1920, 
were prepared on the assumption of continued similarity of the 
general order of magnitude of the deviations of the actual and · 
forecast loads and· their timing as demonstrated above. 
It was further assumed in constructing Table IV that 
the objective ratio of capability to peak loads, a.s based on 
the forecast, would be equal to the average actually experienced 
::q. 
i 
I 
: .. ~. 
',,t 
,: .· 
.. 
for each of the first and last ten years with a gradual linear 
transition through the intervening 21 ye~s between. Actually, 
it is not known and it is believed that there is no reasonable . . 
. basis· for now determining how this transition really took place. 
However, there are very good reasons for such a decrease in 
this ratio of which the primary one is that the unit sizes 
l 
that were being installed i~ the more distant past were 
a larger percentage of their respective interconnected 
peak loads than during the more recent past, largely as the 
result of the interconnection of load centers and of power 
systems from time to time throughout the period under 
consideration especially starting with the later twenties. 
It is not significant for our purposes here, however, as to 
how this transition actually took place since any reasonable 
modification would show the same general ~haracteristics 
as to the general order of magnitude of the deviations of 
the actual from the forecast peak loads. 
One can therefore conclude that large deviations of 
actual from forecast peak loads have occurred fairly generally 
from time to time and .that there may eXist significant 
possibilities of improving the timing of the installation of 
• 
ad.di tional generating capacity. 
-- . ' .•· ·- '-"--'-" ... -··----·~ 
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CURRENT I.DAD FORECASTING PRACTICES 6 
. a 
The details of the past and current practices used es bases 
for forecasting loads vary over a wide range f'rom both time to time and 
system to system. However, in spite of ·the msny differences in details-, 
the over-all basic philosophies are very nearly the same in the vast 
majority of cases in that ·there is usually a very high degree of 
expectation that the loads actually experienced will be veey close to 
those forecast. This attitude stems from man's age old quest for 
certainty which still persists, ever among engineers, through to modern 
times - 1961 - with respect to which many unsuccessful attempts, as 
illustrated by the above setforth results, have been made to devise 
infallible modern oracles or crystal balls. This objective is attempted 
to be met in 'various ways. 
Basically, one such general approach is to separate the total 
load into broad general classes such as, for example, (1) residential, 
often including fa.rm, (2) commercial and (3) industr1a.i. There may be 
other breakdowns, but they are usually more detailed, particularly, in· 
that for most suc;:h cases, certai·n types, of industries or even the fa.rm 
lo.ad may be singled out for separate consideration • The main 
differences among these various methods are in the manner in which these 
various. components may be treated. The fundamental treatment involves 
forecasts for the different components and then synthesizing them in 
different manners so as to eventually result in a forecast for the total 
system load. 
The basic forecasts in such cases as the above are usuaJ ly of 
-------------·-------- ··-····· ·--·-·····-· -·-· -
the annual. energy for the different classes, but are sometimes of the 
monthly energy, particularly for the month or months of the larger peak 
!I 
I 
' Ii 
I 
1 
.. loads • One approach to do this for the residential load is to plot the 
annual energy requirements chronologically for a reasonably long period 
of record, usually on semi-log paper, and then to draw what is judged to 
be the best curve through such plotted experienced points end then just 
extend the resulting curve for several more years. The c~e that is to 
be drawn thusly is usually drawn in merely by eye with a ship-curve or, 
if' it is judged to be a straight line on semi-log paper, .with e. 
straight-edge, which latter is for a constant percentage annual growth, 
and, in which case the straight line is sometimes determined by means of 
the method of least squares. 
This same general approach may also be applied to either or 
both the commercial and industrial loads or even the total load as a 
whole. 
Another approach is to plot the ennua.l residential energy use 
per person of population of the service area, also for a long period of 
reco~d, and then to also project such curve for several years. These 
projected data are then applied to the population forecasts. The 
results are considered to be forecasts of the residential annual energy 
requirements. 
Still another approach is for the business development or 
sales department. people to cogitate on the problem, including their 
ideas as to future prospects o:f changes in use, population,., etc., and 
then to come up with forecasts for the residential loads for the future 
-- . -- . ---
- ----------- . ---------
Again, as above, both the commercial. and industrial loads may 
. I 
t . . ~·· 
8 
be treated somewhat similarly to the residential load as just described 
in the two preceding paragraphs. 
However, the industrial load is· frequently treated quite 
differently. In such cases it is often attempted to con"'elate the 
. 
industrial loads with various indices, particularly those related to 
n~tional business or industrial activity. Sometimes such correlations 
are quite good and at other times they are very poor. The usual 
practice, if the correlation is good, is to base the forecast for the 
. industrial load, i.e., the annual energy requirements, on the forecast 
of the particular index that was used for correlation with the load, 
including the variations in such index that result.from forecasts of 
variations in the level of business activity. Such results are 
obviously no better th,an the forecast of the index that was used for 
making the correlation and projection. 
These various forecasts o·f. future load, in terms of annual 
energy requirements are also variously treated in order to forecast peak 
loads. One such procedure is to apply a system annual load factor to 
the forecasts of system total annual energy for the years under 
consideration regardless of whether such forecasts are made directly as 
a whole or if they are obtained as the result of adding together 
separate forecasts for the various classes treated. Another is quite 
elaborate and is based on very complicated· ;and complex studies of all 
f 
the load components, that has been given the name "load research" and 
which purports, where used for the purposes under discussion here, to be 
able to relate the hourly loads of the system peak load day for each 
load class to their respective annual or monthly energy requirements. 
., 
9 
Another approach is to treat tlle system total annual peak 
loads directly without the intermediary of considering the annual energy 
requirements. This also is done variously. Basically, however, this 
general approach is f'undamentaJ ly that of· projecting· past experienced 
~ 
• # 
• 
annue.l peak loads for four to five years into the future in various 
·ways. One such way is to start with the most -recent experienced annual 
.. 
,, 
peak ·loads, ei ~her actual or normalized, 1 .• e., adjusted. for the effect 
of weather conditions, and then just project them along a straight-i1ne 
· on semi-log paper. Another is to forecast the loads for four to fi v.e 
years in the future on the basis there is a relatively small probability 
that the forecast will be exceeded by a smaJ.l amount and a rather large . 
p.robability it will not be reached. 
Although it is not claimed that the above includes mention of 
all approaches that ~ have been used in the past and that may be in 
use toda:y in the process of forecasting loads as a basis for determining 
installed generating capacity requirements, it is believed that it 
includes the major portion in sufficient detail so as to show the 
tremendous· amount of thought, effort and expense that is put into such 
endeavor. 
COMMENTS ANL CONCWSIONS 
REGARDING PAST EXPERIENCE 
Tables I through rv indicate that, even in spite of the very 
much attention that is usually given to load forecasts, as just briefly 
described, no methods have been developed as yet that enable us to ________ -------~-·---.-.--.-:---------··----
forecast specific loads several years in ad,yance with anything 
approaching reasonable assurance that the actual loads eventually 
10 
experienced from time to time will be neither very much smaJ ler nor very 
much larger than those forecast. The result is that from time to time 
. . 
. 
comparatively large amounts of capacity ·are provided either well in 
advance or else substantially later than if it were possible to avoid 
such large deviations between the forecast and actual loads or if some 
othe·r method· couid be developed that would result in improved timing of 
the installation of gene~~ting capacity additions. 
Such a result would be very·desirable since economic losses 
accrue when capacity is installed prior to need, and can accrue when 
otherwise needed capacity is not provided. It is believed that 
. 
. . . 
improvement can be attained in large measure in this respect as a result 
. 
. 
of a change in the basic philosophy as related to load studies and to 
recognize that load forecasting, as we more generally now know it, that 
is forecasts of specific loads, is not only not the end product of 
. 
. 
itself, as so o~en seems to be the treatment or consideration accorded 
it, but that it is not even a means to an end. That is, st;rictly 
speaking, the desired end product is simply that reasonable installed 
· generating capacity be provided at all times. As will be shown in what 
follows, this can be done, in so far as load growth is a factor in the 
problem; by determining the probability that the futu:re loads will be of 
various levels. 
.. ,, .... ;, .... , ....... :a.,.,.~ ........... ,. 
Annual Peak Loads 
Table V shows the experienced annual peak loads for the same 
companies as those of Tables I and II, plus one additional, Co. E. Some 
11 
of these data are the same as those of these latter taoles, while 
others, although for the same companies, are quite different, since·they 
are on different bases, vhich is the result of the very great difficulty 
. . . 
of finding statistics for al 1 purposes on the same and consistent bases. 
The data of :Tables I and II are :for the purpose 5r comparing forecast 
and actual loads, and .are on the basis of the companies as constituted 
tor purposes of. forecasting loads or when the forecasts were made, while 
those of Table V are on the basis of the companies as actually or as now 
constituted. 
These data of Table V together with those of column 2 of 
Table IV, which latter are for the non-coincident December peak loads 
for the United States, are shown plotted to semi-log scales on Figure 1. 
These data show rather erratic growth characteristics since they not 
only show widely v~ng year to yea:r rates of growth but also even 
negative growth for some of the years. A question is then, ''What good 
are these data or what use can be made of them?". 
The first inclination is to attempt to draw trend 11.nes 
through the points for the loads for each of the companies. It would be 
very difficult to draw meaningful trend lines through these data with 
nothing more than only these data themselves with which to work. This 
difficulty is because trend lines with chronological implications must 
be with respect to the same kinds of things, and, although these data 
are with respect to annual peak loads, they are not, strictly speaking, 
with respect to the same kinds of annual peak loads since they are for 
wide ranges of both business and weather conditions. Further, the loads 
that occur near the upper limit of the range of variation are with 
12 
respect to the combined effect of the upper levels of business 
conditions and those weather conditions that are conducive to the higher. 
levels of peak loads,·while those tha.t occur near the lower limit.are 
with respect to the combined effect of the lower levels of business 
conditions and those weather conditions that result in the lower levels 
.. of peak loads. Thus, even the peak ~oads experienced from time to time 
near either the upper or lower range of load levels could more than 
likely not be for the same kinds of things since they could very well be 
for very different kinds of weather conditions. 
-This possibility would require that the loads be normalized or 
adjusted to average weath~r conditions as a prerequisite to drawing a 
trend line. In addition, load dat~ are required for longer periods than 
those shown on Table V and Figure .l as a basis for drawing a trend line 
with reasonable confidence. Neither of these conditions are possible of 
fulfillment with respect to these peak load data by themselves. 
However, annual energy requirements for the various companies of Table V -
and Figure 1 are· available on various bases beginning with 1910 for use 
in aid of determining the trends of the normaliz~d peak loads. 
Annual Energy Requirements 
Table VI and Figure 2 show these data of annual energy 
requirements together with similar data beginning with 1920 for the 
United States. It will be noted that these data show very much the same 
general erratic behavior as those for the annual peak loads of Figure 1. 
The main differences are that the variations f'or the annual energy 
requirements are over ·a much· broader range than for the annual peak 
loads. However, the range of variation of these cYata of Table VI and 
\ 
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Figure 2 is almost entirely the result of variations in the level o-.r 
business conditions, and, very litt1e, i:f' any, the result of variations 
in weather conditions. This is because this latter factor has 
relatively little effect on the annual energy requirements since they 
tend to average out over a year while their effect on the annual peak 
loads can be considerable since they can be of considerable magnitude 
with respect to the relatively few hours dJ1ring the year for which they 
can be of significance as related to annual peak loads. 
Experience has shovn that upper and lower envelopes can be 
drawn with respect to data f'or annual energy requirements, such as those 
of Table VI and Figure 2, for a large number of companies, -which include 
the -five companies shown there. Figure 3, which is a finished product, 
and is the end result for Co. A of nn.ich of the process that is to be 
described in what follows, shows the upper e.nd lower envelopes and trend 
line for that company and for which the trend line . is defined as that 
line for which, as of any time, the upper envelope is the same 
percentage above it that the lower envelope is below. 
The upper and lower envelopes for the annual energy 
requirements are dra-wn first and then the trend line is determined, 
based on them in accordance with the definition given immediately above. 
These envelopes are drawn in or are determined in two steps. The 
initial step~ i·n drawing the upper and lower envelopes is to draw two 
lines that are the same vertical distance apart along their whole length 
~ 
on the semi-log paper on which the data for the annual energy 
requirements have been plotted, with the upper and lower lines as close 
together as possible and yet passing through as many of the upper and 
, ··u~. 
-~. 
~· 
·-
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lower plotted points, respectively, as possibl.~. This procedure usually 
requires several trials before satisfactory results are· obtained. It is 
particularly important to note that the envelopes should not be drawn 
. ent~rely mechanically, but rather that judgment should also be caJ led 
upon, especia.1 ly· in drawing the portion of the envelopes with respect to 
the later years of record. One important c.onsideration in this regard 
is the fact that, largely as the result of the cold war, there have been 
lt-
. several off and on periods of very high business activity during the 
past _ten years. . Another consideration is . the behavior during past post· 
war periods; another, the degree of maturity of the company's system for 
which the probable future loads are being studied, its being more 
probable for the future growth for a younger and more innnature system to 
be at a high rate, even at an increasing rate, while that for an older 
and more mature system to be at a lower and possibly even a decreasi~g 
rate of growth. 
This process gave very good results through to the years 1945 
to 1950, in that having finally located the upper and lower envelopes in 
the manner just described after several trials it did not appear that 
they could very well be drawn otherwise without violating the rules 
prescribed for their determination. However, it was found not to be 
possible to similarly draw the curves for the upper and lower envelopes 
for the period between 1950 to 1960 with the same degree of assurance or 
confidence as for the prior 40 years since the range of load variability 
for the latter ten-year period was very much less than· during the prior 
40. This latter could mean either that the characteristics of the load 
as to range of load variability has changed abruptly or else that this 
·,,) .. 
,/ ' 
.. 
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latter ten-year period is not a sufficiently representative sample to be 
conclusive in this ~egard. Since it is more natural for changet.. of ·this 
sort to take place gradually the latter possibility as to the probable 
inadequacy of the data for the period between 1950 and 1960 as a sample 
to indicate the true potential range of load variability during this 
period will be assumed, at least with respect to the purposes of 
determining the need for the installation of additional generating 
capacity for the immediate future. 
This uncertainty as to the precise levels of the envelopes for 
these latter years suggests the possibility of considering a probable 
range of such levels. ·It was noted in drawing the upper and lower 
envelopes, as just described, that for the latter 10 yea.rs the upper 
envelopes seemed to tend to be drawn fairly closely to the plotted 
points · for Cos. A through D and similarly for the lower envel~pe for 
Co. E. Consequently, the upper envelopes were considered to be more 
clearly or definitely indicated for Cos. A through D and the lower 
envelope for Co. E. However, the envelopes for Cos. A, B and D were 
drawn at two levels while those for Cos. C and E were drawn at three, 
with that envelope that was judged to be the most likely termed the most 
probable; that above termed the probable maximum and below the probable 
minimum upper or lower envelopes. This was done primarily to learn the 
· result of such different load levels for this ten-year period, with aJ 1 
the envelopes for Co. E and the probable minimum envelopes for Co. C 
purposely drawn to a much wider range than otherwise indicated by 
judgment so as to learn the result of such exaggeration. The resulting 
data are shown on Table VII for the respective upper and lower envelopes 
·. ~ . 
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and by the upper curve of Figure 3 for the most probable upper envelope 
for Co. A, all projected to through the year 1965 • 
The second step in determining the envelopes, and consequently 
... 
the trend, involves an analysis of the growth characteristics of th~ 
various classes of load that comprise the total load. Such an analysis, 
. 
that will be presented presently, shows for all .five companies that 
almost all the variability of the annuaJ · energy requirements is the 
. . . 
result. of the varlability of the industrial load and also that this load 
has been growing at a slower rate_ than the total load. This means that 
the percentage range of· load variability is decreasing and, 
consequently, that the vertical distance between the upper and lower 
' 
envelopes is also decreasing · and cannot be the same vertical. distance 
apart over the whole period of record, such as was assumed in the 
'. 
initial step. The result is that the lower envelopes for Cos. A through 
D and the upper for Co. E are really only ancillary to the drawing of 
the complimentary upper and lower envelopes, respectively. 
Annual Energy Sales 
Table VIII shows the annual industrial and the combined 
residential, and commercial. sales together with their totals for the same 
companies under consid.eratio·n above as well as similar data for the 
United States for the whole of the periods for which these data were 
available. Figures 4 and 5 show plots of these industrial and combined 
residential and conunercial sal.es, respectively. It will be noted 
particularly that Figure 5 shows there is practically no variability for 
the combined residential and commercial loads, and that, accordingly, 
they are practically not only their own trends, but also their own upper 
17 
.. 
and lower envelopes •. 
These relationships have several connotations. The first of 
these 1~ that whatever variability the total loads. have is .practically 
wholly the result of the variability of the industrial loads. The 
second is that the range of variability of the total load is 
proportional. to the percentage the industrial load is of the total load. 
These relationships thus provide a basis for determining the lower 
envelope for Cos. A through D and the upper for Co. E, and consequently 
their respective trends, as previously defined, 1. e., the line for which 
the upper envelope is the same percentage above it that the lower 
envelope is.below. 
This determination was made, in effect, by calculating the , 
percentage the upper or lower envelope of the industrial load is of that 
of the total load. These calculations were made by indirection by first 
calculating the percentages the combined residential and commercial 
loads or the non-industri,al load was of the upper or lower envelopes of 
the total loads and then using the complements of these percentages 
(i.e., the differences between them and 100 per cent) as the 
relationships between the respective upper or lower envelopes of the 
industrial and total loads. It was more convenient to do this than to 
calculate the desired percentages directly, since to do this latter 
would have required the determination of the corresponding upper or 
lower envelopes for the industrial sales, while to use the non-
industrial load did not require any such determination, because, as just 
--~----·---···- -- -··----------
- -- -- --------- - --- --- ------ - -
----------------- -·-- - ·---
observed, the plots of these latter loads a.re their own trend and also 
their own upper. and lower envelopes. The details of these calculations 
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. were to divide the product of the non-industrial sales of Table VIII and 
the ratio of' the annual energy requirements of Table VI to the total 
sales of Table VIII by the upper or lower envelope of Table VII. Such a 
calculation is shown below for Co. A for the year 1937, the first yes:r 
for which sales data are available for. that company. 
2.264 Table VI) 0.522 (Table VIII) x 2 .0l Table VIII 
2. 5 Table VII = 0•2055 
The reason for multiplying the non-industrial sales by the 
ratio of the annual energy requirements to the total sales is to put 
these sales on the same basis as the annual energy requirements, which 
makes allowance for whatever system losses, transmission, distribution 
or station use, that may be included in annual energy requirements but 
which are not usually accounted for as being included in sales. 
Table IX shows values computed as above for all the years for 
which data are available for Cos. A through E and are shown plotted on 
Figure 6 for both the probable maximum and most probable upper envelopes 
for Cos. A through D and in addition for the probable minimum upper 
envelope for Co. C and also the probable maximum, most probable and the 
probable minimum lover envelope for Co. E. The relatively short period 
for which these data are available raises the question as to what should 
be done, if anything, with respect to the earlier years for which no 
sales data are available. The fact that the data of Figure 6 appear to 
approach being constant for the earlier years, prior to World War II, 
coupled with the fact that the preliminary drawing of the upper and 
·----·~··-····-······--• ...... - ... _. ·--~--- ., ... 
· determination of the upper envelopes for Cos. A through D and the lower 
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envelope for Co. E, showed that the upper and lower envelopes tended to 
be the same percentage distance apart for the earlier years suggests 
that it would be reasonable to assume constant values for the percentage 
the non-industrial sales are of the total for e·ach company :t'or such 
earlier years . 
Table X shows the coID.]?lements of the values on the smooth 
curves of Figure 6 and are the ratios of th~ upper envelopes of the 
industrial loads to the upper envelopes of the annual energy 
requirements for Cos. A through D and for the lower envelope for Co~ ·.E 
for which the industrial loads and the annual energy requirements are 
also both on the same basis. 
The behavior of the curves of Figure 6 exhibits very 
interesting and important characteristics of the relationship between 
the non-industrial load and the total load. A flat or horizontal curve 
there means that the envelope of the total load has been drawn such that 
the non-industrial load is implicitly assumed to grow at the same rate 
as the envelope; a negative slope means at a smaller rate, and a 
positive slope at a larger rate, with the steeper slope$ indicating 
greater differences in the rates of growth. This characteristic means 
that there is a range beyond which it is illogical to dra-w the envelope 
involved. Thus, a too high a level for the envelope will result in a 
nearly horizontal curve or even a curve of negative slope of a curve as 
of Figure 6, which vould indicate that the rate of growth of the non-
industrial load is equal to or smaller, respectively, than for the total 
load, and, consequently, ·e.1s6 for the 'indiistrial loa.d, and which is 
obviously inadrn:t ssable as a result of' the relationships shown by 
·I 
[ 
Af 
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· Figures 4 and 5, which show that the rates of growth of the non-
indus~rial loads, a.s previously pointed out, are. vecy much larger. than 
those for the industrial and, consequently, also for the total load •.. 
This then means that the more likely envelopes must result in positive 
slopes for the curves of Figure 6 not only fop,rt'he innned.iate past but 
also for the immediate future unless some vecy drastic and sudden change 
is to take place in the load growth characteristics. On the other hand, 
a too low a level for the envelope will result in a too steep a positive 
slope that can be interpreted only to mean that the non-industrial load 
is expected to continue to grow at a faster rate than both the 
industrial and total. load. This tendency must be curbed somewhere, or 
else, otherwise, it will be implicitly assumed at some point that the 
total load will be residential and connnercial and that the industrial 
load will just vanish, which is highly unlikely. 
Figure 6 shows this latter tendency for the probable min:1mum 
lower envelope for Co. E. It · also shows the tendency for the rate of - - -- "-
growth for the non-industrial load to become equal to that for the total 
load, and consequently to that for the industrial load, for the probable 
maximum upper envelopes for Cos. C and D and for the probable maximum 
lower envelope for Co. E. These characteristics should rule these 
conditions out from further consideration. However, we will continue to 
study the characteristics for these conditions further for whatever 
- .. ,.-, ......... , ..... ,,,,.,_:.,J 
instructive values they may be in other respects. 
lower (or Upper) ~nvelope and Trend Line 
The next problem is that of determining the lower envelope for 
.Cos. A through D and the upper envelope for Co. E, and then the trend 
'. 
line for all five companies for the various load levels for the 
. envelopes. This determination is made on the basis of first computing 
the range of variability of the industrial. load and then translating 
these results into terms or values for the total load. · The basic 
consideration or assumption here is that the percentage range of 
variability of the industrial load is constant throughout the whole of 
t·he period of record. 
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The first step in making this calculation is to determine two 
years that are as close together as possible during the period for which 
the ratio of the industrial to the total load, as shown by Table X, is 
constant and for which both the upper and lower envelopes coincide with 
the actual annual energy requirements within such period. Such years 
were found to be: 
as may be 
Tabulation A 
Early Yea.rs for which the Upper and 
Lower Envelopes Coincide with the 
Annual Energy Requirements 
Lower Upper 
Co. . Envelope Envelope 
A 1933 1929 
B 1938 )..929 
·c 1934 1929 
D· 1932 1920 
E. 1915 1920 
verified by comparing Table VI ( actual annual energy 
requirements), Table VII (upper envelopes of' annual energy requirements 
for Cos. A through D and lower envelope for Co. E) and Table XI (lower 
------
• 
-- , ··-··. -, --
.-· ~ , ... .., . ·- .,,, '· ,...._ .•,_·M"'-"'+' __ -...,..,._ .. ,,_,_., ' .
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_ .......... ....__ .. _~,_...,,.,..,-...,.-
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envelopes of annual ·energy requiremen.ts for Cos. A through D and upper 
envelope for Co. E) • · 
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The next step "!as to determine the percentage the differences 
between the upper and lower envelopes. are 1 of the upper envelope for ~ . 
Cos. A through D and of the lower envelope for Co. E for both of the~e 
twq yea.rs for each company. U suaJ ly, such percentages for the two years 
were slightly different. Such differences were considered to arise from 
the difficulty of both drawing and rea.djng the respective curves 
exactly. In any event, a reasonable value was decided upon for this 
percentage and the curves in.the vicinity of these two years were 
adjusted accordingly. This same percentage value was then also used to 
fJ ' ' . 
adjust the upper and lower envelopes where nec.essary for the earlier · 
period for which the percentage the industrial load is of the total was 
assumed to be constant. These adjusted values f'or the upper and lower 
envelopes a.re those shown on Tables VII and XI for this period. 
For example, the value of the upper envelope for Co. A for the 
year 1933 is shown on Table VII and Figure 3 to be 2. 32 billion kwh per 
year while both the actual annual energy requirements and the lower 
envelope for this same year are shown on Tables VI and XI and also on 
Figure 3 to be 1. 799 billion k)rh per year. These values result in a 
'S... 
spread or difference of 0.521 billion kwh per year between the upper and 
lower envelopes for the yea:r 1933, which is 22.~ of the upper 
envelope. Likewise, for 1929, the difference between the upper and 
·--- --·-·-·------ .. lowerenvelopesis·.o.4~ biU!on ~h per yea:r whil~ the value of the -··--·-·------------~----'- -
upper envelope is 1.888 billion kwh per year which also results in 
22.461, of the upper envelope. This percentage is a varying quantity in 
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the latter years, depending on the proportion the industrial load is of 
the total, as previously discussed, and as shown on Table x. Then, 
since the upper envelope of the industrial load is 80.5~ of that for the 
total load for· the year 1933 the deviations of its lower envelope from 
' its upper is equal to 22.~ divided by 0.805 or 27.901,. 
This result for Co. A, together with the corresponding 
quantities similarly .. computed for Cos. B through E, is shown below: 
.. Co. 
A 
B 
C 
D 
E 
Tabulation B 
Differences Between the Upper and 
Lower Envelopes of the Industrial Load 
Year 
1933 
1938 
1934 
1932 
1920 
Percent the difference 
between the upper and 
lower envelopes of the 
industrial load is of its 
upper envelope for Cos. A 
thl·ough D and of its lower 
envelope for Co. E 
z, .90 
48.10 
33.10 
48.64 
99.56 
. .; The percentage deviations that the lower envelope of the 
annual energy requirements are of the upper envelope for Cos. A through 
D and the upper envelope of the lower for Co. E for various years are 
equal to these above quantities multiplied by the proportion the 
industrial loads of the various companies are of their respective total 
loads for such years as shown on--rra.rile X~ -Tlius, --for Co. A for-th-e year--~~-
1950, the ratio of the most probable upper envelope of its industrial 
-~--~-----
-----------·····--· 
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load to that of its total load is 69.61, (:from Table X), which multiplied 
by the preceding tabulated quantity for this company (0.696 x 0.2790) 
results in 19.4~ of the upper ·envelope of the total load that the lower 
envelope deviates from it. . This results in a value for the most 
probable lower envelope for Co • A for 1950 of 4. 287 billion kwh pe~" 
yea:r, as shown on Table XI, and which was obtained by multiplying the 
value for the most probable. upper envelope f~r Co. A for that year of 
5.32 billion kwh per year, as shown on Table VII, by the complement of· 
this percentage deviation, thus, 5. 32( 1. 0000 - 0 .1942). The results for 
the lower envelopes for Cos. A through D and the upper envelope for 
Co. E so computed a.re shown on Table XI and plotted as the lower line on 
Figure 3 for the. most probable lower envelope for Co. A. 
The trend lines, as previously defined, are determined merely 
as the averages of the upper and lower envelopes of Tables VII and Xl 
and are shown on Table XII and by the middle line of Figure 3 as the 
most probable trend line for Co. A. 
Load Variability 
Table XIII and Figure 7 show the percentage the deviations of 
the upper and lower envelopes o~ the annual energy requirements are from 
the trends. These quantities were computed simply as the percentage the 
deviation of either the upper or lower envelope from the trend is of the 
trend. The main characteristic of interest here is the fact that the 
range of probable load variability has decreased vecy materially with 
time in most cases, particularly for those loads for which the rate of 
···---·-·---~- -~-----~------··--------- -·-- - - ----- ----
growth of the combined residential and commercial loads has been 
materially faster than for the total, and also for the lower levels for 
I 
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the trend line; i.e., the most probable trend line compared with the 
probable maximum, and the probable mininn1m compared 1 with both the 
probable maximum and the most probable. 
This relationship raises the question as to what is the manner 
in which the load level changes within these ranges of variability. It 
is believed that the best basis for establishing this characteristic is 
to study past experience in this regard, particularly if' we assume that 
the past, when appropriately analyzed, is the best indicator of the 
probable future, especially the more or less innnediate future. 
The percentages the deviations from the trends of the actual 
loads of Table VI are of the deviations of · the envelopes from such 
trends, as of Table XIII and Figure 7, are shown on Table 1.IV. Positive 
values mean that the actual experienced annual energy requirements are 
above the trend and negative values below. These values were obtained 
by dividing the algebraic differences between the actual annual energy 
requirements of '!'able VI and the corresponding value for the trend of 
Table XII by the· absolute values of the differences between the 
corresponding value of the upper or lower envelope of Table VII and the 
value for such trend, as above. 
It is of particular interest to note here that values of plus 
or minus 1001, on Table XIV indicate coincidence between the actual 
annual energy requirements and the upper and lower envelopes, 
respectiv:~ly. 
Probable Variation of Load Level 
The probability that the load will be of at least some- give-n 
level, i.e., equal to or smaller than such given level, is obtained by 
• .-;::;:;;ti,' / 26 
arranging the data of Table XIV in order of magnitude and then plotting 
such rearranged data, beginning with the sma.1 lest val.ue, i.e., the 
largest negative value, in accordance with the formula 
where, Pis the plotting position, from zero to unity, or the 
accunn1lated probability as indicated by the experienced data that 
the load level ·will be equal to or smaller than the corresponding 
deviation from trend, 
mis the integer number in the ascending order of magnitude.of 
the value of the deviation under consideration, and 
. 
n is the total number of values of deviations 'involved, 51 for·: 
our problem here. 
This procedure resulted in the plots shown on Figure 8 for 
both the probable maximum and most probable trend lines for Co. A. The 
curves shown drawn on this figure were judged to be the best curves 
through the points shown plotted there. Table X:V shows values of 
accumulated probabilities read from these curves, together with data 
similarly obtained for the other loads and trend lines under study, for 
intervals of 5~ of the range of .load variability. Table XVI, which is 
based on these data of Table rv, shows the probability that the load 
level may be expected to be within 2.5i of the range of variability of 
the midpoint of the 51, intervals of Table XV. · These values of Table XVI 
were obtained merely by taking the differences between successive 
values of Table XV. Figure 9 shows plots of these values of Table XVI 
~ for Co. A, also for both the maximum probable and the most probable 
trend lines, while Figure 10 shows the comparable data of Table XVI for 
Co. E plus the minimum probable trend l.ine. · 
It will be noted that these frequency distribution curves of 
·.1 
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f. 
,, .. 
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Figures 9 and 10 are non-symmetrical, or skew, and that they are 
probably not of any of the more generaJly thought of types of such 
curves • This is also true for all the other data shown on Table XVI • 
The one characteristic shared by all these frequency distribution curves 
is that they have definite cut-off points. This characteristic is the 
result of having drawn upper and lower envelopes, which is indicated by 
the available data as being possible and is justified by the 
consideration that, as of any particular time, there is an upper limit I 
that the load level cannot exceed and a lower limit, barring a 
catastrophe, that the load level cannot go below. It is of interest to 
note from Table XVI, and especially Figures 9 and 10, that there is a 
tendency for a larger probability of occurrence of loads in the higher 
level portion of the range of variation for the lower level trend lines. 
This characteristic tends to reduce the difference between the indicated 
installed-generating capacity requirements for different levels of trend 
lines than otherwise. 
These frequency distribution data of' Tables XV and XVI, 
together with the characteristics of other load data, which is beyond 
the scope of this study, provide the basis for determining the probable 
variability of peak loads for use in the determination of installed 
/ generating capacity requirements. This means that we must relate load 
in terms of annual energy requirements to peak loads in some manner so 
as to carry the effects of these above characteristics of probability of 
variability of the annual energy requirements over to the peak loads.-
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Annual wad Factors 
The .. data for the actual annual peak loads shown on Table V and 
for the actual annual energy requirements shown on Table VI provide the 
basis for meeting this last above objective, and is met by firot 
determining the actual annual load factors as shown on Table XVII for 
the :five companies, Cos. A through E. These val.ues were .,computed on the 
., 
basis of 8784 hours per year for leap years and 8760 for all other ye·ers 
by dividing the.annual energy requirement by the product of the annual 
peak loads and the appropriate number of hours for the various years. 
Although the necessary data were available for Cos. B and C to make 
calculations for load factors for the years 1930 and 1931, no values of 
load factors are shown for these companies for these years, because the 
resulting computed values were wa;y out of line with the values computed 
for the other yea.rs. This was because of the tremendous rate of drop-
off of load during the early years of the Great Depression of the 1930 's 
and, accordingly, were not representative, and were omitted because 
otherwise their use could result in unreaJistic distortions of sub-
sequently derived quantities. 
A casual examination of these data of Table XVII could 
indicate a gradual increase of the load factors with time for sev.eral of 
these companies.· This apparent trend has frequently been interpreted to 
indicate what has been termed a progressive improvement in load factor. 
However, analyses can show that such interpretations ~ be quite 
erroneous in many cases. Thus, one consideration is that loads or 
annual energy requirements at the higher levels could tend to have 
higher load factors as the result of more energy requirements with 
respect to peak than loads at the lower levels. This is because loads 
at the higher levels tend to be the si!esult, to a large extent, of two 
·,'.,! 
and three shift operation of industry, which tends to increase the 
energy requirements at a faster rate than the peaks; whereas, vice 
vers$, loads at the lower levels tend to be the result of one shift or 
even . curtailed operations which do not reduce the peak proportionately 
to the reduction in annual energy requirements. This thought suggests 
trying to relate the load factors of Table XVII to the deviation of the 
annual energy requirements of Table XIV for the corresponding year to 
see what happens. 
However, before investigating this possible relation between 
the load factor and deviation from the trend, we should recall that the 
principal source of deviation of the annual energy requirements from the 
trend is the industrial load. This being the case, if the total load 
were all non-industrial, all the points of load factor would 
theoretically be plotted with respect to zero deviation of the load from 
the trend, which, as discussed or pointed out earlier, would also be 
both the upper and lower envelopes. On the other hand, if the total 
load were a]l industrial, the points of load factor should be plotted at 
precisely the percentage deviation from the trend such as would then be 
shown as on Table XIV for our actual mixed loads. This latter would 
also be the case if the trends or the envelopes of the industrial load 
were the same proportion of the total load for all the years of record. 
-- --- - --- - ·-··-----·----·- ---- ---- --- ---
The point or requirement here being simply that the plotting of the 
~-
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annual load factors should aJl be with respect to the same kind of 
/ ( \, 
' . 
thing. Accordingly, since we have seen that the proportion the 
industrial load is of the total has been changing with t:tme for the 
,4,. 
-~ 
companies being studied, this fa.ct must be taken into account in some 
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manner. This was done by mu~iplying the deviation of the actual annual 
energy requirements from the trend of Table XIV by the ratio of the 
deviation of the envelope for tbe trend of Table XIII to some constant 
quantity. Such constant quantity used for this- purpose here was the 
deviation of the envelope from the trend for the earlier years for which 
it was constant for several years, viz: for Co~ A, 12.65~; Co. B, 
18.69',(,; Co. C, 15.37'1,; Co. D, 24.77'1,; and for Co. E, 12.5o;,, also aJl as 
shown, on Table XIII. Although ally other convenient quantity, as for 
example lo',,, would have done just as well here, these above values were 
used since they were related to ea.ch of the various loads under study 
and thus tended to import more meaning to the specific results thus 
obtained than otherwise. However, the only real requirement is that 
whatever value is used here should also be used for the same purpose in 
subsequent related caJ.culations. To illustrate, the deviation of the 
envelope from the most probable trend for Co. A for the year 1950 of 
Table XIII is 10. 76cfo and the corresponding deviation of the actual 
annual energy requirement from the trend of Table XIV is 48 .841,. The 
adjusted deviation of the actual annual energy from the trend to be used 
as the plotting position for the actual annual load factor is then 
41.54i = (48.84 X 10.76/12.65). 
Values similarly computed for the most probable trend for 
Co. A are shown plotted on Figure 11 with the yea:r noted for each point 
and connected chronologically. This figure, as suspected, . as noted 
f J-·r--------· 'J ,-;j !if 
I ,1: ' 
. •· 
Ii 
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above, shows a very strong correlation between the annual load factor 
and the deviation of the load from the trendo However, in spite of this 
strong tendency for correlation, there is still a rather wide spread of 
the values for load factor as related to the deviations. This spread 
was characteristic for aJl the various levels for the trend lines for 
'., 
al 1 the loads. It is almost entirely the result of year to year 
I variations in weather conditions at the time of the annual peak that 
either contribute to or detract from the magnitude of such peak loads, 
sometimes causing such peaks to be either extra heavy or extra light as 
compared with average or more normal conditions. This characteristic 
suggests normalizing the annual load f'actors by drawing some best line 
through the points as of Figure 11. These points on Figure 11., and also.. 
on the other similar plots, ltcy' in such a wa:y as to give no clue as to 
what the nature of such best line might be; i.e., whether it might be a 
straight or a curved line. 
It would be simplest to assume a straight line to define the 
relationship between such normalized annual load factors and the 
deviation from the trend than some other kind of curve. A principal 
objection to the use of a straight line to define this relationship is 
that the annual peak load corresponding to the trend for the annual 
energy requirements would· not be mid-way between the annual peak loads 
corresponding to the upper and lower envelopes for the annual energy 
requirements, with such trend being a slightly greater amount above the 
lower envelope for the annual peaks than below the upper envelope. 
However, there is no practical reason why the trend of the normalized 
annual peaks should lay mid-w~ between their upper and lower envelopes 
·I 
7 . 
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---- --· -·4·-:--'"- ·- - · ... -·~-~-·-' -·--~-- -·~--- ~ 
since the installed capacity requirements are influenced very little by 
fairly large variations in the level of the lower envelope of the annual . 
peak loads. Accordingly, and also because of obvious simplicity, it was 
elected to assume a straight line relationship between the normalized 
annual load factors and the deviations of the load or annual energy 
requirements from the trend. The equations for the normalized annual 
load fac·tor in per cent, F, as a function of the adjusted percentage 
deviation of the annual energy requirements from the trend, r, were 
obtained by the method of least squares from the data determined as 
above for the various trend lines for the companies being studied and 
are as follows: 
Tabulation C 
Equations for Normalized Annual Load Factors 
Company 
A 
A 
B 
C 
C 
D 
Trend Line 
Probable Maxim1m 
Most Probable 
Probable Maxinn1m 
Most Probable 
Probable Maximum 
Most Probable 
Probable Minimum 
Probable Maximum 
Most Probable 
Equation 
F = 59.651 + 0.03578 r 
F = 59.287 + 0.03402 r 
F = 54.666 + 0.05405 r 
F = 54.269 + o.o4795 r 
F = 58.864 + 0.07191 r 
F = 58.429 + 0.07143 r 
F = 57.675 + o.o6476 r 
F = 62.973 + 0.07273 r 
F = 62.607 + 0.07544 r 
,. 
I 
"• :, ••a- • --• • • • 
.. 
E 
E 
Tabulation C {Cont'd) 
Equat~ons tor Normalized Annual.; !Dad Factors 
Trend Line 
Probab1e Maxinrom 
Most Probable 
Probable Minimum 
ES{1!at,ion 
F = 55.625 + 0.03393 r 
'\}~F = 54. 985 + 0. 02989 r 
F = 54.154 + 0.01720 r 
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Although these equations ~ be used to normalize the actual 
annual peak loads that were experienced in the past and also to 
normalize the corresponding trends and upper and lower envelopes, tor 
whatever interested these~ be, their primary use is in the 
determination for future yea.rs of both the normalized annual peak loads 
corresponding to the trend line and the deviations of the upper 1 :1 mj t 
therefrom, which, for practical purposes, as just noted above, is also 
considered to be the deviation of the lower limjt, all for the purpose 
of studying the timing for the need of installing additional generating 
capacity. 
Normal ized Annual Peak: Loads 
Thus, assuming that we are interested in studying whether or 
not additional generating capacity should be provided for the year 1965 
beyond that already planned to be put in service prior to that time, we 
have from Table XII for the most probable trend for Co. A for that year 
that the annual energy requirements are 9. 948 billion kwh/yr and from 
the above equations that the normalized annual load factor is 59 .291, 
(i.e., for r = O) • This results in a most probable norma.lized annual 
. ~ . ---···-···~--··-- .. -.·-·h_ .. _._ - ---peak for the trend line for Co. A for 1965 of 1915 mw = (9.948/8760 x · 
0.5929). Table XIII shows that the deviation of the envelope of the 
·- - •- ,r 
------···· --------··- . . .... 
V 
annual energy requirements from the trend for Co. A for 1965 is 7 .561,. 
• fl~~. 
• 
This is 59. 76<1, of the 12 .65i previously used in computing the adjusted 
percentage deviation of the annual energy requirements from the trend es 
a basis for determining the abo_ve appropriate equation for load factor, 
and, consequently, it must also be used here. This then results in a 
·normalized annuaJ. load_ factor for the upper envelope of 61.321> = 
(59.287 + 0.03402 x 59.76), which, together with the annual energy 
requirements of 10. 7 billion lnlh/yr for the upper envelope for Co. A for 
1965 of Table VII results in a normalized annual peak for the upper 
envelope of 1992 mw = (10.7/8760 x 0.6132). This results in a deviation 
of the normaJ ized annual peek of the upper envelope from that of the 
trend of 77 mw = ( 1992 - 1915) or of 4. 02{o = ( 77 /1915). This percentage 
I'· 
deviation for the upper envelope of the normalized annual. peak load for 
1965 is 53.~ = (4.02/7.56) of the percentage deviation for the upper 
envelope of the annual energy requirements. Such results are of 
considerable interest and importance since they show much less variation 
of the normal ized annual peak loads from their trend as compared with 
the annual energy requirements. Similar calculations to the above gave 
the following results for the year 1965 for aJl the conditions studied. 
-~ .., ... ~. 
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Tabulation D 
Deviations of the Upper Envelopes of the Normalized Annual Peak Loads from the Trends and Comparison 
'!1th Those for the Annual Energy Requirements for the Year 1965 
Companz Trend Line 
Normalized 
Annual Peak 
Trend Upper 
Line Envelope 
A 
A 
B 
B 
C 
C 
C 
Prob Max 1994 
Most Prob 1915 
Prob Max 3454 
Most Prob 3312 
Prob Max 3617 
Most Prob 3481 
Prob Min 3197 
D Prob Max 1772 
D Most Prob 17QS 
E 
E 
E 
Prob Max 1833 
Most Prob 1643 
Prob Min 1454 
2075 
1992 
3666 
3527 
3702 
3560 
3288 
1942 
1860 
1954 
1739 
1533 
Per Cent that 
Deviation of 
Upper Envelope 
of Normalized 
Annual Peak 
Load is of 
the Trend 
4.06 
4.02 
6.11 
6.49 
2.35 
9-.59 
_9 .• :03 
6.49 
5.84 
5.43 
Per Cent that 
the Per Cent 
Deviation of . 
Upper Envelope 
of Normalized 
Annual Peak 
.Load is of 
the Per Cent 
Deviation of 
Upper Envelope 
of Annual Energy 
Requirements 
51.0 
53.2 
48.7 
47.1 
47.9 
53.9 
73.8 
35 
r. 
As a matter of interest, and in verification of the statement 
made previously with respect to the deviations of the normaJ ized annual 
·-·-- -············· - . -···· -·--·-- - .. ----.--:" ':':·-· .. ; 
peak loads~for the lower envelope being different from those for the 
upper envelope as contrasted with those for the annual energy 
requirements being the same, we have found that the normal ized annual _ 
load factor for the lower envelope is 57 .251, = (59.287 - 0.03402 x 
59.76), which, together with the annual energy requirements of 9.196 
billion kwh/yr for the lower envelope for Co. A for 1965 of Table XI 
results in a normaJ.ized annual peak for the lower envelope of 1834 mw. 
This results· in a deviation of the normalized annual peak of the lower 
envelope from that of the trend of 81 mw = { 1915 - 1834) or of 4 .231, = 
(81/1915), which compare with 77 mw and 4.o'a{o, respectively, that were 
obtained above with respect to the upper envelope. 
Tabulation D also shows the range of variation of the 
normalized annual peak loads between the trend and the upper envelope 
together with a comparison with the corresponding range of variation for 
the annual energy requirements for that same year, 1965 . It is shown 
thus that the range of variation for the normalized annual peak loads is 
quite wide from company to company; being in the order of about four to 
one. 
The last col11mn of Tabulation D shows, except for Co. C and 
also the probable minimum trend for Co. E, that the normalized annual 
peak loads are subject to about half the range of variation as are the 
annual energy requirements, and that for Co. C about one-fifth to one-
__________ quarter and about three-quarters for· the probable minimum trend for 
Co. E. This characteristic shows, as has been mentioned ~r~yi9-µ~i:t,. ___________________________ . 
that the level of the annual energy requirements as of any particular 
year is subject to a greater change than the peak loads because of the 
37 
filling in of the daily and weekly vaJ J eys of the load at a greater rate 
With increases in the load level than during the heavier load hours, and 
vice versa, with decreases in the load level. This tendency is 
indicated to be especially marked for the load of Co. C and to be very 
weak for the probable minjnn1m trend for Co. E. 
Tabulation E below shows the percentage that the normalized 
annual peaks for the probable maximum and probable minimum trends, 
respectively, are above and below those for the most probable trend ,for 
~"'";" 1965, together with similar percent-ages for the annual energy require-
ments. 
Tabulation E 
-----
Comparison of Trend Levels for .Annual Energy Requirements 
and Normalized Annual Peak Loads for- 1965 
Company 
A 
B 
·c· 
: . 
"·/"I. . 
'\J·· 
D 
·-- -··-··· ____ ,. ___ ~---.' . ·-· ·-_· -----~_., .. , .. - .. ·-.: ..... _ .. -· ·- -~-~--····-·"·-·- ............... -------·- ····---·-···· ..... . 
E 
E 
Trend Line 
Probable Maxinn1m 
Probable Maximum 
Probable Maximum 
Probable Minimum 
Probable Maxjmum 
Probable Maximnm 
Probable Minimum 
Per Cent that 
the Norma] ized 
Annual Peak Loads 
are Above or Below 
that for the Most 
Probable Trend 
4.13 
4.29 
3.91 
8.16 
3.97 
11.56 
Per Cent that 
the Annual Energy 
Requirements are 
Above or Below 
that for the Most 
Probable Trend 
5.o6 
4.68 
9.33 
4.48 
···- .... -· - :··.-·······-- ·•··· --·. . '. . _., -- - " ' . . '.; .. ~: . -.- ·_; 
12.87 
12.80 
This tabulation shows that the percentage deviations of the 
, . 
.t . 
normalized annual peak loads for the probable maxj mnm and the probable 
minirm1m trends from the most . probable trend are between about 10 to 15 
. per cent smaJ ler than for the annual energy requirements. This is the. 
result of the fact that the normalized load factor decreases with the 
lower level trends and increases with the higher level trends. It means 
that the difference in the installed genera.ting capacity with change in 
the level of the trend tends to be less than would otherwise be 
indicated by differences in the level of the trend of the annual energy 
requirements alone. 
INSTAIJ,ED GENERATING 
CAPACITY REQUIREMENTS 
The extent to which the percentages that the normalized annual 
peak loads for the probable maximum and minimum. trend lines, 
I 
respectively, are above or below those for the most probable trend 
lines, as shown on Tabulation E, is different from the s1rn1lar 
< 
relationships for the corresponding installed generating capacity 
-
requirements for various conditions can be determined only by means of 
probability calculations. Such calculations are fairly generally 
standardized ( 4 ) and were made ror the purposes of this study on the 
basis of the same shape of or basic per unit no-growth seasonal load 
trend, the same ratio between the ~uoroer and winter normalized peaks, an 
assumed normal frequency distribution of the deviations of the daily 
peak loads from t~E! se~onal tr~ncl of both 1..;» and 71, standard deviations -·~·-··---.. ~-----"·.:--·~·-···-·~~_·.· __ . __ ... -.-.----·---·- .. ··-- .. --... .-............ . . - .. 
-· -· --- .. ' 
f'or the 20 heavier load weeks for each of the conditions studied and of 
'31, for the reme:f ning 32 lighter load weeks for all conditions, with the 
generating capacity being made up of 25 equal size steam units in one 
-- -: 
---------~ 
39 
case and of 50 in the ot~e~, all of 1i!fo forced outage rate, and for a 
standard of service reliability for the system of a probability of loss 
of load of one day in ten years, all also for aJJ conditions. 
Since the objective here is to determine only the effect on 
the installed generating capacity requirements of the different rates of 
load growth, the different frequency distributions of the deviations 
from the trend line, as shown on Table XVI and on Figures 9 and 10 for 
Cos. A and E, respectively, and of the different ranges of the 
deviations of the upper envelopes from the trend line, aJ 1 f'or the 
different trend lines for each of the different companies under study, 
with all other conditions than these factors and the total amount of 
generating capacity itself kept the same for each company. The same 
conditions, including the assumption of a normal frequency distribution 
of the deviations of the daily peak loads from the seasonal trend, were 
used for the different companies merely for computational convenience. 
Company 
A 
A 
The results of these computations for 1965 are as follows: 
Tabulation F 
Comparison of Installed Generating 
Capacity Requirements for 1965 
Trend Line 
Probable Maxinn,ro 
Most Probable 
InstaJ J ed Generating 
Capacity Requirements 
Per Cent Standard Deviation 
for the 20 Heaviest Load Weeks 
4 7 
-----==-Number of Equal Size Units 
25 50 .25 50 
- - - ___. 
2230 
2143 
2163 
2CJ77 
2224 
2135 
2176 
2o87 
Company 
B 
B 
C 
C 
C 
·n 
E 
E 
E 
Tabulation F ( Cont 'd) 
Comparison of Installed Generating 
Capacity Requirements for 1965 
Trend Line 
Probable Maxinn1m 
Most Probable 
Probable Maximim 
Most Probable 
Probable Minimum 
Probable Maximum 
Most Probable 
Probable Maximum 
Most Probable 
Probable Minimum 
Installed Generating 
Ca.pacitl Requirements __ .... 
Per Cent Standard Deviation 
for the 20 Heaviest Load Weeks 
4 7 
Number of Equal Size Units 
25 
-
3885 
3739 
4o44 
3879 
3563 
2036 
1953 
2099 
1871 
1642 
50 
-. . 
3771 
3628 
39(6 
3750 
3453 
1984 
1902 
2035 
1807 
1591 
25 
-
3869 
3720 
4028 
3872 
3557 -
2019 
1935 
2088 
1863 
1635 
50 
-
3790 
3636 
3935 
3783 
3478 
1977 
1896 
2o43 
1817 
1601 
These above values of installed generating capacity require-
ments result in the following percentages that such requirements for tn• 
probable maximum and minimum trend lines, respectively, are above end 
\ 
below those for the most probable trend lines for the various 
combinations of conditions considered. 
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Tabulation G 
Comparison of InstaJ.led Generating Capacity Requirements 
fo~ Different Trend Levels for 1965 
Per Cent that the Installed Generating 
Capacity Requirements are Above or 
Below that for the Most Probable Trend 
Per Cent Standard Deviation 
for the 20 Heaviest Load Weeks 
~ 7 
Number of Equal Size Unite 
Company 
A 
Trend Line 
Probable Maximum 
25 50 25 50 
........ - - ---
4.o6 4.14 4.17 4.26 
B 
C 
C 
E 
E 
Probable Maximum 
Probable Max:f m11m 
Probable Minivn1m 
3.90 
4.25 
8.15 
Probable Maximum 4 .25 
Probable Maxinn1m 12.19 
Probable Minimum 12.24 
4.16 
7-.92 
12.62 
11.95 
4.00 
4.03 
8.14 
12.oa 
12.24 
4.24 
4.02 
8.c6 
4.27 
12.44 
11.89 
41 
These values of percentages compared with those of Tabulation 
E for the normalized annual. peak loads show no definite trend of being 
either larger or smaller than the values shown there, since some are 
larger and others smaller, ranging from comparatively small differences 
up to in the order of 10 per cent larger and smaller. 
The percentages that the installed generating capacity 
requirements of Tabulation F are larger than the normalized annual peak 
loads for the trend li'l"\es of Tabulation D, or the percentage re~erve 
-·-··-- ·-·------------ · requirements, are shown below :for the year 1965. 
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Tabulation H 
Comparison of Installed Reserve Requirements for 1965 
Company 
A 
A 
B 
B 
C 
C 
C 
D 
D 
E 
E 
E 
Per Cent Reserve Requirements 
• 
Trend Line 
Probable Maximum 
Most Probable 
Probable Maximum 
Most Probable 
Probable Maximum 
Most Probable 
Probable Min1m1m 
Probable Maxinuim 
Most Probable 
Probable Maxiuim 
Most Probable 
Probable Minimum 
This tabulation shows the 
Per Cent Staude.rd Deviation 
for the 20 Hes.viest Load iieeks 
4 7 
Number of Equal Size Units 
25 50 25 50 
- - - -
11.84 8.48 
11.91 8.46 
12.48 9.18 
12.89 9.54 
11.81 7.99 
11.43 7.73 
ll.45 8.01 
14.90 11.96 
14.48 11.49 
14.51 11.02 
13.88 9.98 
12.93 9.42 
11.53 9.12 
11.49 8.98 
12.02 9.73 
12.32 9.78 
11.36 8.79 
11.23 8.68 
11.26 8.79. 
13.94 11.57 
13.42 11.14 
13.91 11.46 
13.39 10.59 
12.45 (10.11 
~ 
effect on installed generating 
42 
cape.city requirements of the size of unit, which is beyond the scope of 
this study, and a.lso of both the range of deviations of the envelopes 
from the trend lines as of Tabulation D and of the frequency 
. distribution of such deviations. 
' 
• C, 
.. 
') 
43 
DISCUSSION 
Tabulation G shows that the combined effect on the relative 
installed generating capacity requirements of the differences in rates 
of load growth, frequency distributions of the deviations from the trend 
·lines, and ranges of deviations of the envelopes that result from 
different levels of trend lines is comparatively smaJl with changes- in 
other system conditions; while a comparison of this tabulation with 
Tabulation E also shows but slight differences between these above 
relationships for the installed generating capacity requirements and the 
same kind of relationship for the normaJ ized annual peak· loads, 
" 
,, 
sometimes being larger and sometimes smaller. 
The significance of these latter results is that the inter-
action of the factors involved in the determination of installed 
generating capacity requirements cannot be depended upon to reduce the 
relative differences between levels of installed generating capacity as )' 
compared with levels of normalized annual peak loads such as was the 
case for the normaJ ized annual peak loads as compared with the annual 
energy requirements, as shown by Tabulation E. This means that one of 
the most important characteristics or considerations is the relationship 
of the combined residential and connnercial. load or the non-industrial 
load to the total load as shown by Table IX and Figure 6. The higher 
levels of envelopes and trend lines, which Tabulation F shows call for 
the larger values of installed generating capacity, means, as previously 
pointed out, that the curves of Figure 6 tend to be flattened or even to 
have negative slopes, which, in turn, means that the non-industrial load 
is thereby assumed to tend to be the same-or smaller ·rate of growth 
1. 
I! 
D 
d 
than that of the total load and consequently of the industrial load. If 
it is believed that this situation of equal or smaJ ler rate of growth ot 
- the non-industrial load as compared With the industrial load will not 
obtain during the study period, but rather that the non-industrial load 
will continue to grow at a faster rate, the result is that the envelopes 
and the trend lines must then be at lower levels than for more nearly 
equal rates of growth. This is the result of the facts of the smooth 
rate of growth· of the combined residential and commercial load over a 
long period of recent years, as shown by Figure 5, and of the greatly 
smaJ ler rates of growth for the industrial load as shown by the 
generally much smaller slopes of the curves indicated by the points on 
Figure 4 as compared with those on Figure 5 combined with the assumption 
that there will be no abrupt changes in this characteristic during the 
projected study period. On the other hand, the lower levels of 
envelopes and trend lines can mean that the rates of growth of t}le non-
industrial loads will continue to remain larger than those for the 
industrial loads, with their differences in rates of growth being larger 
with the larger positive slopes of the curves as of Figure 6. 
These facts and considerations limit very greatly the ranges 
over which curves such as those of Figures 3 and 6 may be drawn. Care 
and attention to these details should result in the instaJ led generating 
capacity requirements appropriately determined four to five years in 
advance being within but a very few per cent of that similarly 
determined subsequently after the fact, i.e., after four to five years' 
more data have been accunru.lated, when better estimates of the envelopes, 
trend line, frequency distribution of deviations from the trend, 
~ r• 
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normalized annual load factors and annual peak loads, etc., can then be 
made with respect to the particular year under consideration four to 
five years earlier since these data can then be determined more 
r-
re li ably, because it can then be based on experience rather than mere 
projections. 
There are two situations that require special consideration as 
related to the applicability of the method suggested herein for the 
treatment to be accorded loads in the timjng of generating capacity 
additions to an electric power system. 
The method may not be applicable or may require special 
treatment different from the above if the load being supplied is not 
that of a natural service area such as might be the case where its 
· increases in load from time to time or even for sustained periods are 
large~y the result of "overflow" from some other adjacent service area. 
Such a situation could result in substantial abrupt changes in the load 
growth characteristics that would not be amenable to the kind of 
analysis described above. 
Another situation that would require special consideration 
could arise where there is a progressive change in load characteristics 
:'such as could be the case with either or both greatly increased space 
heating or cooling loads or with a substantial. disproportionate increase 
in inherent off-peak loads. Although the study of the effect of such 
possibilities is beyond the scope of this study, it is appropriate to 
point out that changes in basic load characteristics are generally 
-------
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comparative1y gradual, with the result that any effect they might have 
with respect to the timing of generating capacity additions should be 
flagged sufficiently in advance so as to be properly or reasonably 
incorporated in the scheduling of generating capacity additions. 
Such changes in load characteristics would appear as a 
tendency for a higher or lower level of normalized annual load factors, 
such as are shown on Figure 11 for Co • A for past conditions • 
InitiaJ.ly, only very meliger data would be available. If there were any 
tendency for a. change in the level of the normalized annual load factors 
as of Figure 11, they will tend to decrease with increases in the space 
heating or cooling loads and to increase with increases in inherent off-
peak loads. The result is that initially judgment would be required to 
be exercised, especially during the earlier part of the transitional 
period. One approach to this problem would then be to just assume a -
normalized annual load factor for the trend line during the earlier 
stages of the transition, i.e., the intercept ~ of the equations of 
Tabulation C, but to retain the same slope that previously had been 
found to be appropriate for such equations prior to the anticipated 
change in the load characteristics under consideration. 
-~ Later, as more data become available, and it then might appear 
that the level of the normalized annual load factors has become 
i 
reasonably stabilized, an intercept can then be calculated from the 
pertinent data by the method of last squares but with the slope 
specified as above until such time that it is judged sufficient data are 
available f'or the determination of both the intercept and slope 
completely independently of any other data or results. 
II 
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The general over-all result would be that the normalized 
annual peak load for any given trend line would be increased with 1the 
reduced normalized annual capacity factor that would result with greatly 
increased space heating and cooling loads and would be reduced with the 
increased normalized annual capacity :factor that would result with 
greatly increased inherent off-peak loads. 
CONCWSIONS 
The timjng of generating capacity additions on an electric 
power system, in so far as load growth is concerned, can be determined 
within a rather narrow range by determining (1) the long time trend for 
the annual energy requirements based on the relative growth 
characteristics of the industrial and non-industrial loads, (2) the 
frequency distribution of the deviations of the annual energy 
requirement from such trend, and ( 3) the range of deviation of the 
normalized annual peak loads. such a proced.11re should result in a 
considerable improvement in the timing of generating capacity additions 
over that based on forecasts of specific peak loads four to five years 
into the future, since such forecasts, which have been the basis that 
has been used most generally in the past for timj ng generating c a.paci ty 
I 
additions, have been shown to vary from subsequently experienced loads 
by quite wide ranges, thus providing an undesirable basis for the timing 
of generating capacity additions. ··· 
.... --~·· ______ ..,, ..... ,?·z._ .•. .. ,-., .• , ........ -.,.__, .• ,. •.1•,.,,·.~•~.-,.>f.v_ ... ._ ___ .-, .... ·-= .. :y'··,---
·-
I 
i 
\ 
i 
' l 
L 
i 
t 
I 
\ 
10.() 
' \ 7.Q 
4.Q 
i 
i 
f:il. i I i 
.C:. I ·.~ 
0 2.0\ 
-~ 
' 
-..C::· 
+:> 
-c:x:· 
J" 
t • i.-m i 1.0 l - .0 I 
·o ; 
0 e 
! J ; 
/ 0.7 ' 
~-
C o. 
'•rl 
-~ o.4 
1 :.~ 
.\ 
-~. ~ 
.i 
i 
• I 
l 
... I 
·(). 2 ~ \ l 
l· \· 
i 
\ 
r 
i 
I 
\ 
I 
l 
0 
e ® 
• 
• • • 
• @ 
(!) (:) <!) 
. . ' . 
X X x· 
X 
.. ,... 0: 'w 
© E> 
X X 
X X 
X 
X )( )( X X 
x Co. D . a· El ' 
r:, .l!) . )( X 
.. 13 
El 
8 Er ~co-:. E t3 8 
x· X 
·@. 
. _r;; 
_(El ~ 
r.i_ •. .• :s 
·e'.i- 1.:.1 
.El 
~ 
© 
X X 
)( 
El 
1200 
(:) ® 
:·,:,._ .. :0 0 
:<!> \:, 100 
70 
. AA 
~~Ip & 
20 
Co.cJ;. 0 e 
0 @®. ~i 
)( X • 
)( X [!] 10 m 
t!1 s 
7 
4 
2 
--'-' 
0.1 .__~ __ ........., _ _......__,,;,,,;~---------'---......... ~-....... ---..;....;;..;.; _____ --"-_________ ;...._..__ ___ .................... ______________ _ 1920\ 1 \ \ j 
i 
\ 
\ 
i 
'l 
t' 
\. 
l 
\ 
l 
1 
·1_930.: 1940 1950 1960 Year 
I 
;;Ii 
I 
I., 
,1 
I 
. , 
20.0 
~. 10.0 
·..cl 
~ 
.o 
~ 
..c1 
+=> 
'<r! 
~· 
.to () 
0 
l 
.. 
~. 
iat 
'cu 
.·>:t 
H 
Q.J 
:~ 
.:Cl 
.~ 
4.o 
2.0 
1.0 
El 
.[!I· .. 
0. 1 ,___ l!l ·Ei: ·0 . _ _ 
,l. 10 
,, 
:.:r:tg11r'e 2· ~ :Annual Energy Requiremt. .1ts 
1.94:o·:· 1950 . 
. Year· 
1000 
700 
400 
1960 
40 
20 
10 
7 
4 
2 
1 
I • ! 
I 
. :1 
• I 
; I 
• I 
1;1 
.. '[ 
~· co 
Cl) 
_>,-i 
J.-4 
a, 
~ 
C ,.q 
~ 
2.0.0 
10.0 
7.0 
4- .(J : .. 
.. · •.... 
2.0 
1.0 
0.7 
o.4 
9 
Figure 3 - co.: A. Anntu.i,i :t.:rie--:f"gy Requirement_s 
Trend -Line _., 
Lower Envelope 
o.1..._ _____ --1... ______ """"--------~.c.~.'.~:,~:~-~---L··---~-~-,--~--~-__;..------.....a...._~ ___ ~_~ .. ~--~--~-..,__----__,, __________ ~~----~--~ 1910 l920 
1950 1960 
Ye~r 
Vl 
·o· 
. '., 
-~ 
rt::: 
-~) 
C 
~-
~ 
:+:> 
··<X: 
.•. 
tJl 
O' 
·o 
i . 
~-f 
c(j. 
.·Q) 
-~ 
~-
·cu· 
'Pl 
J:: 
1 
.S3. 
·o .. 
·,•rl. 
-~ 
·r-+1 
.-;4 
•"("('.\ 
.·~ 
·10.b:·· 
'7 ·o·. · .. . 
.f· •. ' .. . ® 
©0 © 
0 0 0 <=> 
. ©0 0 0 
.4 •. o 0 0 0 
. 0 0 
2.·o 0 
·1 •. 0 · 
.. O··· ··4· ·. 
.. '•' .. 
·o ........ 2·: ··· 
··: .... 
00 
(:) 
• • jt 
X 
X 
. . @ C!l. [!]. .' 
(!) 
El El··· 
B. 
0 
00 
00 
0 
0 000 
G) 0 0 0 G> 0 ® United States 
• 
Gl GJ 
.. . ·· .. ·. m 0@ 
. . .. . . :(!l lll J!l CiJ. . • . 
'13' ... 
Caril ~ lil El El -~-
@ G 
I· 
400 
200 
100 
70 
20 
10. 
7 
4 
2 
0.,1 ...... ____ ...,__~~----~-.....;.· · ~-;;;;;.····· -· .. -...... ____ __. ______ --'-___ _._ ____ ~ ___________ __, 
.. · 
1920· 1 .193·0 1940 1950 1960 
Year 
'· 
.. 
\ I 
m 
Q) 
+' 
' 
Cl) 
ro
Cl) 
+=> 
. ,..f 
:Q 
:::>' 
I 
~ 
CD 
Q) 
>-. 
~ 
Q) 
P. 
..c: 
~ 
5 
•rf 
....... 
M 
-H' 
~-
) 
~: 
,.,.q 
:~ 
0 
:~· 
.,.q·. 
:~ 
.~ 
.. • 
·ca 
·O .. ' 
~-.,. 
~ 
:J-4 
._oj 
Q.)· 
. .:.....J 
. .,....-=-a, 
:~ 
.Q.) 
:Pi 
;:l' 
1:· 
• , I 
10.0 
4.o 
2.0· 
® 
0.7 
o.4 
. ~ 
• 
~-
0.2 
II · . ~- . ';.'.::~ .. -. ·, 
'Fl·gure 5 - Combi:r)~_'q :R~-,~Lfd-.~~tt~.1., 
$.nd Commercial s:a.le:s 
© 
0 
& 
&~ 
A & • • • & • 
@ 
.(:) -et :<:> e ® 
& •• ~ '; . 
~,.. 
0® 
® 0 [!]El 
G) [!] 
0 
0 0 
4\~. 
~ ~ ffi 
® m 0 13 X X 
® B X (!J )( 
{!) X 
·E) ®United Stat.es. 
X Co. C & 0 ffi • 
A -A &. ~ ~ m m x x 
& ~ • •· ~ [!) X 
'f 
h.A • Q X 
-A~ • ·ra~ x 
& • r:,l!)CJ X ~ • G a.!J ·0 X A • .co. B @ ~ 0 0 ; x 
• • Co. !BA(!3 f!I e X )( X c~. D 
El )( )( 
Co. EEi x x x 
X 
·x 
X 
..:._ 
400 
200 
100 
70 
40 
20 
10 
7 
4 
2 
0.1 ..._ ________ ..._ ________ _,_ ________ __._ __________ .__ ________ ..._ ____________________________ __ 
1 
: 1920 1930 1940 1950 1960 {: 
.. ,f' 
: :~·: Year 
··;. 
m 
~Q) 
' +' 
c:t1 
.µ 
Cl) 
re, 
cu 
.µ 
~-
~-
i 
J-4 
c:t1 
(l) 
~ 
J..,t 
Q,) 
Pf 
..c:i 
~ 
6 
en 
r-i 
M 
...-1 . 
.,=q. 
V1 
I\) 
·+> 
·-s::. 
(l) 
: . () 
~: 
100 
80 ... 
.. . . 
''· 
5.. -o· . ·_ ' ... ' _.' ~ . _. . ',. ··; 
,(IJ 4· . :~ ·.·O 
-3·0 
10 
,. 
. ~ - .. 
·~ 
Figure 6 - Per Cent the Combined Residential 
and Commercial Load is of the Upper Envelope 
of the Total Load for Cos. A through D and,? 
the Lower Envelope for Co. E 
:tower Envelope co. E 
8 
: r,· 
13 
Probable Minimum Trend ---
Most Probable Trend ----
Probable Maximum Trend ---
Upper Envelopes 
Cos. A through D Co. B 
• 
D 
Probable Minimum Trend ------""-----
Most Probable Trend __ ,........,...,.,.,.......,.,.___,.. _____ __. 
Probable Maximtm1 Trend, .. ---------------
A 
I. 
0 ....._ __ .&.... ___ _._ ___ __._ __________ _....~--...------_. 
1930 ··· 1940 1950 1960 
.. ··---· ""-•···-···>·-~·-- . ····--····- . -~~- -- .--····-.···-·· ---· ~ ·---~- ---•. 
. . .- . ' - . i .- . -..... . . .. •. . • . .. ------------------
Year 
. ._,_ . 
+'· 
-S::: 
"OJ t) 
H 
(I) 
--~ 
10 
0 
1930 
Figure . 7 - Per Cent Deviations of Envelp:pe.s :of· 
Load (Annual Energy Requirements) front Tre.ttd ·Li-ne 
~.: . . 
Pro})ftple :Minimum. T-r:e:·n·a 
:Mb·s:t_ Probable Trend 
:P-robable Maximtnn ·Trend 
1940 
Co. D 
Co. B 
Co. E 
1950 1960 
,':-. 
" 
: 
I 
I 
I 
l 
!ii 
.. 
~ 
+;,.· 
·1.~·o 
'0··9'.·: :_·· ... 
0.:-·8-· 
:~ ·o····.·5·: ·: 
r-, ',. '.,. ·,' 
•rl - ' . 
p. 
·ro 
I;): 
·O 
J;..« ... 4. Jl:..- o·-•... :: .· . 
:O·.~J ; .. 
0. r.). ·.: . 
. . • .. C:' .. ' 
0.1 
0 
,,,iJ . .: 
Figure 8 - Probability that Load (Annual Energy 
Requirements) for Co. A Will Be Equal to or 
Sma.ller than Various Levels 
, 
• 
• 
.-.,. 
-100 -80 -60 .-4b· -20 0 20 40 
Per e.e.-nt -of ~v'iat.ion of Evelopes. f:r.qm Tr~nd Li,ne 
• 
100 
~· 
... 
0.10 
Figure 9 - Probability that Load (Annual Energy 
Requirements) for Co. A Will Be Within Five 
Per Cent Bands of Deviations of Envelopes 
from Trend Lines for Various Load Levels 
·: --, ... 
Pro"b.able Maximum Trend Line 
Most: Probable Trend Line 
0-----------------------------------
-100 -80 -60 -40 -20 0 20 40 60. 
Per Cent of Deviation of· :Envelo~es from Trend Line 
J 
·----·---~··--~-~-·--· ·. •. -- .. ---.·····.,.--·-· .. ··. 
80 100 
-~ 
.,d. ' 
0.15 
' 0.10 
0 
Figure 10 - Probability that Load (Annual Energy · 0 .-
Requirements) for Co. E Will Be Within Five 
Per Cent Bands of Deviations of Envelopes 
from Trend Lines for Various Load Levels 
·.·: 
:: ! -'·. 
Most Probable Trent} .. LtJ:1e..-
Probable Minimum :·Tren.:d ::t./tne·: 
Maximum 
Trend Line 
-100 -80 -60 -40 -20 0 20 40 60 
Per Cent of Deviation of Envelope from Trend Line 
- .----~%· .-·- ~--- .. ----· -
:57 
80 100 
;·__;_J: 
··r::,· 
:~ 
s;;::-: 
:S::: 
:~ 
. 
+J: 
-~ 
_Qj 55 
·Q· 
.. 
•J...f· 
Q) 
:p.. 
l '"'~;-
'· · 
·!i. 
Figure 11 - Actua.l!~nd .Normalized Annual 
Load Factors for Various Load Levels. 
for Most Probable Trend Line For Co. A 
45 
36 
.. ~ 
51 
. 52 
__.-,.~~----:::~-e--~55 
46 49 
Normalized .Arinua-1 .Load Factor:s 
50 '------'----~...._ __ __. ____ __.,~~~----------------------------~--------
-100 -Bo -60 -40 -20 o. 20 4o 60 Bo 100 
Adjusted Per Cent of Devfa-t=-±on of Envelope f·rdm rt\r:end Line 
---~ ...... ,
~--...... ---!!!!!1!111 ........ !11111 ......... ~.--.................. !l!l!!II! ....--------------------------- • 
TABLE I-A 
COOARISON OF FORECAST ANNUAL PEAK LQ\DS MAI}E FOUR YEARS IN ADVANCE 
WITH ACTUAL ANNUAL PEAK LOADS FOR FOUR SELECTED CCMPANIES 
1929 
30 
1 
2 
3 
4 
5 
6 
.7 
a. 
'9 
40 
l 
2 
3 
4 
5 
6 
1· 
··8. 
9 
50 
1 
2 
3 
4 
5 
6 
7 
8 
9 
·6o 
Forecast (Four Years in Advance) and 
Actual Annual Peak Loads - Mw 
Co. A Co. B 
Forecast Actual Forecr..st 
* -
571 
* -
620 
* 
·.- 637 
* ·-·· 
688 ... 
* 
-~:'. 738 
* 
-~- 758 
* -·· 
682 
* 
·.~: 570 
* 
·•·: 660 
* 
·.-: 650 
* 
:- 690 
* 
.... 770 
* 
·~ 705 
* - 757 
* 
~ 841 
* - 1005 
* -
lo85 
* - 915 
* -
900 
* - 985 
* -
1200 
* -
1240 
* -
1300 
963 1001 1350 
942 1022 1480 
1120 1052 1900 
1180 1175 1900 
1233 1213 2020 
1240 1241 2140 
1271 1285 2330· 
1480 1379 2450 
1550 1361 2710 
Notes: "*" Not available; "-" Does not apply. 
Based on data supplied by the individual companies .• 
Actual 
537 
541 
496 
467 
489 
496 
535 
588 
585 
625 
716 
775 
863 
832 
902 
1017 
956 
1034 
1122 
1168 
1230 
1417 
1493 
1612 
1713 
1850 
2037 
2075 
2289 
2349 
2618 
2819 
. '·.·.· 
59 
.( 
'~-
., 
·• 
TABLE I-B 
CCMPARISON OF FORECAST ANNUAL PEAK LOADS MADE FOUR YEA.RS IN ADVANCE WITH ACTUAL ANNUAL PEAK LOADS FOR FOUR SELECTED CCMPANIES 
Forecast {Four Years in Advance) and 
Actual Annual Peak Loads = JY'.nt 
Co. C CoQ D 
Forecast Actual Forecast Actual 
1929 
· 30 
1 
2 
3 
4 
5 
6 
7 
. ·-· ···-·· :8 
9 
40 
1 
2 
3 
:4. 
·5 
:6 
7 
8 
:~ 
:,o. 
l 
·2, 
3: 
4 
.5. 
:6: 
·1 
8 
· .. ,• 
:9 
6().. 
* 
* 
* 648 
895 
952 
1009 
* 
* 975· 
* 
851 
1105 
* 1009 
1188 
1251 
* 1092 
1132 
1432 
1463 
1542 
1G19 
1729 
1841 
2267 
2218 
2327 
2376 
2534 
2787 
-
-
-
564 
599 
612 
675 ,-.r'/' 
-
··"'__.;.; 
-
791 
-
908 
1023 
-
1095 
1182 
1218 
-
1347 
1463 
1472 
1644 
1718 
1797 
1848 
1984 
2183 
2168 
2317 
2306 
2543 
2628 
Notes: "*" Not available; "-" Does not· appzy. · 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 530 
635 
* 722 
770 
827 
874 
905 
981 
1037 
Based on data supplied by the individual companies. 
-
-
.... 
-
-· 
-
-
-
-
-
-
~:-
-
·.-
-
-
-
-
-
-
-· 
... 
-
6o6 
636 
-
705 
771 
821 
895 
891 
986 
.1032 
60 
:1 
-
-61 TABLE I-C 
CCMPARISON OF FORECAST ANNUAL PEAK· LOM>S MADE FOOR YEARS IN ADVANCE 
WI'm ACTUAL ANNUAI:; PEAK LOADS FOR FOOR SEIBCTED CCMPANIES 
1929 
30 
1 
2 
3 
4 
5 
6 
7 
8 
9 
4o 
1 
2 
3 
4 
5 
6 
7 
a: 
·9 
.. 
·50 
1 
2 
3 
4 
5 
6 
1 
8 
9 
60 
Notes: 
Forecast (Four Years in 
Advance) and Actual 
Annual Peak Loads - Mw 
Total of 
Cos 0 A, B1 C & D 
Forecast Actual 
571 537 
620 541 
637 496 
1336 1031 
1633 lo88 
1710 llo8 
1691 1210 
570 588 
66o 585 
1625 1416 
690 716 
1621 
__ 1683 
1810 1886 
757 832 
1850 1997 
2193 2199 
2336 2174 
915 1034 
1992 2469 
2117 2631 
2632 2702 
2703 3061 
3372 3817 
4567 5046 
4151 4583 
5583 5591 
6117 6166 
6298 6277 
6581 6742 
6882 6831 
7414-5 7526 
8o84 784o 
Per Cent the Actual Annual Peak Loads 
Were in Excess of Those Forecast 
Total of 
Co. A Coe B Co. C Co. D Cos. A-D 
* - 5.95 * * - 5.95 
* 
-12.74 
* * 
-12.74 
* 
-22.14 
* * 
-22.14 
* 
-32.12 -12.96 * · -22.83 
* -33.74 -33.07 * -33.37 
* -34.56 -35.72 * -35 .20 
* 
-21.55 -33.10 * -28.44 
* 
3.16 
* * 
3.16 
* 
-11.36 
* * 
-u.36 
* -
3.85 -18 .87 * -12.86 
* 3.77 * * 3.77 
* 
0.65 6.70 
* 
3.82 
* 
22.41 - 7.42 * 4.20 
* 
9.91 * * 9.91 
* 7.25 8.52 * 7.95 
* 
1.19 - 0.51 
* 
0.27 
* 
-11.89 - 2.64 * - 6.93 
* 
13.01 
* * 
13.01 
* 
24.67 23.35 * 23.95 
* 18.56 . 29.24 * 24.28 
* 
2.50 2.79 * 2.66 
* 
14.27 12.37 * 13.24 
* 
14.85 11.41 14.34 13.20 
3.95 19.41 10.99 0.16 10.49 
8.49 15.74 6.88 - 10.41 
- 6.07 - 2.63 7.77 - 2.35 0.14 
- o.42 7.21 - 3.71 0.13 0.80 
- 1.62 2.72 - 2.25 - 0.73 - 0.33 
o.08 6.96 - o.43 2.4o 2.45 
1.10 0.82 2.95 - 1.55 - 0.74 
- 6.82 6.86 , 0.36 0.51 1.09 
-12.19 4.02 - 5.71 - o.48 - 3.02 
.,_ .. ·--·--· 
·-
"*" Not available; 11 - 11 Does not apply. 
Based on data supplied by the individual companies. 
'I 
"! 
' :, 
f 
1928 
'9: 
3-C) 
,l 
2 
3 
:4· 
5.. 
:6: 
-~7· 
8 
.9 
,·40: 
. . ·-: ·. 
·1 
·.I'). 
·C.· 
.3. 
:4 
5· 
~6 
7' 
,8: 
' :9 
~o :I··· . 
l . 
... ·' 
z: 
3 
4·, 
.5 
.6 
1· 
8· 
·9 
60 
:Notes:. 
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TABLE II-A 
. ' 
COMPARISON OF FORECAST ANNUAL PEAK LOADS 
MADE THREE YEARS IN ADVANCE WITH ACTUAL 
ANNUAL PEAK LOADS FOR FOUR SELECTED COMPANIES 
Forecast (Three Years in Advance) 
and· Actual Annual Peak Loads - MW 
Co. A Co. B 
Forecast Actual Forecast 
* 
* 
* 
* 
* 
* 
* 36.5: 
:410 
510 
1~70· 
·4·90 
·1*·95 
5.00 
.510' 
565. 
·6?.5 
* 
*' 
... 
'"*: 
·700 
7:5.'.5: 
85:0.· 
5}22' 
911 
lo84. 
l'J.42.· 
1·198 
11.94 
1;·219. 
139:6: 
Ilt:82 
·1.5'4,8· 
-
-
-
·~:-
3·90: 
. .420 
4.26 .. 
,4:'.5(l 
4 ·6·· .... 2· ... 
4.er. 
524 
592 
619 
648 
788 
.:807 
8.9.3 
:94?: 
100'1 
1022 
·1.052 
117·5. 
:·121·3 
. 1241. 
:L?t?::5 
l:3.19 
136.l 
523 
565 
586 
637 
685 
703 
635 
520 
613 
610 
:6:50 
'7.40 
675 
7?.f;i 
81:2 
.96'5 
·1040 
903 
860 
940 
1150 
:i2QO 
1240 
)/300' 
.1.410 
1820 
1800 
1920 
2020 
.2210 
2380 
,2·5·10: 
,2792 
Actual 
483 
537 
'541 
496: 
:46.7 
4.89 
496· 
5:-32 
588 
58.5 
625 
716 
775 
··86.3. 
:83.2 
9.02 .. 
1017 
956 
1034 
11~2 
1168 
1230 
1417 
1493 
1612 
1713 
1850 
2037 
2075: 
:·.228.9 . 
.2·349. 
:2.618 
28·19 
- -· -- - ·-----· ., ·- ··-~--·- - ------ --- ·- - . - .. - .. 
- - "-•·····-. -..---- .. --·---~-------~- --,~-,- -- ----------._ -
-- ····---·- -, ·---•·, .. ---- - -····------· .. -~ --- - --------·---- ---- --
'' ·-·- ~--··- ----- ---
' "*" Not avai;Lable; ~,·.-·" Doe-s· :not a.pply. 
Based on ~~ supplied by tlle individual companies. 
-- . . .... " ·-"····· ··--·----.-.,--------~·······-· ~-~- .---.. ··-·-"-~"-··-··- ------ . --·
-··· ·····-··············- - - .. ···-· 
,. 
62 
t' '.crJ.&J 
... ,,., 
.. 1928 
·9 
30 
:1 
2 
:3 
'.4 
5 
6 
7· 
B: 
9 
:4o 
1. 
2 
3 
4 
5 
6 
7 
a: 
9 
5:0. 
i 
2 
3. 
4 
'5: 
6--. ' ·: 
7· $: 
·9 
60 
TABLE II-B 
COMPARISON OF FORECAST ANNUAL PEAK LO.ADS 
MADE THREE YEARS IN ADVANCE WITH ACTUAL 
ANNUAL PEAK LOADS FOR FOUR SELECTED CO~ANIES 
Forecast (Three Years in Advance) 
and Actual Annual Peak Loads - MW 
Forecast 
* 
* 
* 606 
·a.23 
:.94.$ 
_*----. 
,:i.t_. . 
·"'JC.· 
816 
Si:09 
,r-r:99 
:826 
1~·29 
·92:2 
973 
l"J...·23 
:1.033 
1:06·5; 
1320 
1379 
1402: 
L523 
i552 
1646 
1757 
2188 
2119 
2218 
2277 
2416 
, .. · ·, 
·2638.: 
.2760 
Co. C 
Actual 
-· 
:6d:4 
:§·$4 
::599--
..... 
·90$ 
·1023 
1035 
1095 
1218 
1302-
1347 
1:463 
147:2-
1644.: 
:-
1718 
1797 
1848 
1984 
2183 
2168 
2_317 
~306 
2:54_3 
26'28 
Forecast 
* 
* 
'if 
* 
'* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 470 
510 
598 
625 
680 
722 
778 
828 
-8'56 
8 92. 
981 
1093 
Co. D 
Actual 
-· 
--· 
--
~-, 
-· 
5'06 
575. 
·606 
·6'36 
.66'2 
·70-5: 
:7'7l 
821 
895 
891 
986 
1032 
Notes: "·,if'' :N·ot available;- ·rr:-rr Does-- not- a.ppl-y-:---·-----------------------:------
-~-$ed- on data supplled by the :fndiv:idµ.a.l companies. 
-6-_--_3--·-._ .. 
"" 
, 
'1928 
·9 
30 
.I: 
:·2: 
3· 
:4, 
:5 
.6 
7 
8 
9 
4o: 
l 
-~: 
.3·: 
.-4 
:5-
6--
7 
·8 
9 
50 
l 
2 
3· 
4. 
5. 
6 
7 
:5 .. 
:9·. 
.· . 
.-60· 
TABLE II-C 
COMPARISON OF FORECAST ANNUAL PEAK LOADS 
MADE THREE YEARS IN ADVANCE WITH ACTUAL 
ANNUAL PEAK LOADS FOR FOUR SELECTED COMPANIES 
Forecast (Three Years in Advance) 
and Actual Annual Peak Loads - MW 
Per Cent the Actual Annual Peak Loads 
Cos. A,B.C & D Were in Excess of Those Forecast Total of 
Forecast Actual Co. A Co. B Co. C Co. D Cos. A-D 
523 
565 
-· S:86 
i243. 
_1:5ocl 
:1651 
635·: 
.-885 
18i9· 
2029 
191-9 
?056 
_ 2199 
.21:50. 
2295 
2·6:5·3 
1695 
:1936 
1925 
2260 
3229 
3827 
4123 
4372 
4592 
5341 
5852 
6015 
6254 
6562 
712Ch 
7611 
8193 
483 
537 
.54i 
1100 
1031 
1088 
496 
925 
1763 
1759 
1866 
~031 
:2164-
·2410 
·2459 
2616 
1665 
2174 
2336 
2469 
3419 .. 
4015:· 
:4529' 
4.762 
5{)46 
5245 
5591 
6166 
6277 
6742 
6831 
7526 
7840 
-- -- - --
* 
* 
* 
* 
* 
* 
* 6.85 
2.44 
-16.47 
- 4.26 
- 5.71 
- 2.83 
4.80 
16.o8 
9.56 
- 1.07_ 
* 
* 
* 12.57 
6.88 
5.06 
2.49 
9.88 
- 5.72 
- 7.88 
- lo92 
1.59 
1.80 
- 7.95 
- 6.95 
-12.o8 
- 7.65 
- 4.96 * 
* 
- 7 .68 * 
-22.14 - 0.33 
-31.82 -31.47 
-30.44 -36.81 
-21.89 * 
2.88 * 
- 4.o8 - 7.48 
- 4.10 -17.71 
- 3.85 - 1.00 
- 3.24 3.27 
14.81 -11. 76 
18. 54 10.95 
2.46 · 6.37 
- 6.53 - 2.49 
- 2.21 
5.87 
20.23 
19.36 
1.57 
2.50 
14.27 
14.85 
14.33 
- 5.88 
2.78 
6.09 
2.72 
3.57 
- 1.30 
4.30 
0.97 
* 17.91 
22.25 
2.05 
6.09 
4.99 
7.94 
10.70 
9.17 
5.18 
- 9.32 
3o02 
- 2.25 
1.76 
- 4o55 
- 3.60 
- 4.78 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 7.66 
12.75 
1.34 
1.76 
- 2.65 
- 2.35 
- 0.90 
- 0.12 
4.56 
- 3.99 
0.51 
- 5.58 
- 7.65 
- 4.96 
- 7.68 
-11.5J 
-31.63 
-34.10 
-21089 
4.52 
- 4.13 
-13.31 
- 2o76 
- 1.22 
- 1.59 
12.09 
7.15 
- 1.39 
- 1.77 
12.29 
21.35 
9.25 
5.88 
4.91 
9.85 
8.92 
9.89 
- 1.80 
- 4.46 
2.51 
0.37 
2.74 
- 4.o6 
- 1.12 
--- 4. 31 
- ---------·-- --- -- ~ ---- ~--- ~ 
N.ote : Based _ on data supplied by- the individual companf e·s,_e 
TABLE III 
~ 
:CClv\PARISi)N OF· .FOREX;AST ANNUAL PEAK LOADS MADE THREE YEARS IN ADVANCE WITH ACTUAL ANNUAL PEAK LOADS FOR THE TOTAL UNITED STATES 
-1. 2 3 4 5 6: 
Exc·ess of .. 
December Pe-a:k Load Ratio of Capabili'ty· To 
, Three Year 
1 Forecast 
Million kw 
Actual 
~~--·-Million kw 
. Ac:tual Peak 
Load Over 
Forecast 
December Forecast Actual 
Capability Peak Peak 
Million kw 
i 
55.8: 
:65'. 7 
69.:9: 
:86. 9. 
97.1 
106.6 
109.6 
115.8 
130.6 
-~1+.1 ... 5 
67.8 
·72.8 
1-8. 5' 
e5.·7 
98 . "i 
~o:z..4 
':l06 .9: 
.113~.4-
.l-2:l_:•7 
129:.,i 
,· 
.,. 
'"· 
~100 X {2)/(1) )-100 
21.51 
10.81. 
t2-3Q 
- l:.38 
·l: •. 03 
:~ :3-:94 
-· ·2.46 
- 2.07 
- 6.8.1. 
·- ,8' .7· 6. . p"'·' ,.. 
... . ... : . ,, ,. . 
~4) /( 1) (4) /{ 2) 
75.8 1.358 . 1.118 
81.4 l. 239 i"" 1.118 
92.3 1.320 1.176 
103.7 1.193 1.210 
116.3 1.198 1.186 
122.6 1.150 1.197 130.6 1.192 1.222 
144.2 -~l. 245 1.272 158.4 1.213 · 1.302 
169.7 1.199 1.314· 
Note: !Based on data contained infuird through twenty-ninth Edison Electr~c Institute Semi-Annual Electric Power Surveys under title of "Total Contiguous United States" for third through twenty-sefventh Surveys and of t1Survey Total f·.or the Eight Regions" for the twenty-ninth survey. 
:~~ 
,q, 
.:(J'\ 
·\J1 
. .• .. . . . . ·-. 
"" '.ti' 
;". 
1929. 
·1 
:2 
3 .. 
4 
_5: 
·-6_: 
:7 
:8' 
'9·' .. . . 
30 
.l 
·.2·.: ..
:3 
·.4_ .. 
5. 
6· 
=1 
,8 
·9, 
1 
December 
£apability 
- Million kw 
12.70 
13.50 
l4.20 
15.65 
17.70 
21.45 
23.40 
25.10 
27.80 
29.85 
32.40 
33.70 
34.40 
34 •. 60 
. 34.10 
• 34.45 
, 35.:i.o 
\ 35.60 
37.50 
38.85 
·TABLE rv·~A. 
. 
. 
-Cf)MPARISON OF INDICATED FORECAST ANNUAL PEAK :LOADS WITH ····- ·~ -,· . . . . 
_-A.C:TUAL ANNUAL _PEAK LOADS FOR. THE TOTAL UNITED STATES 
2 
Non-
Coincident 
December 
Peak Load 
Million kw 
8.60 
8.80 
l0.25 
ll.28 
12.40 
14.15 
15.60 
16.50 
18.05 
19.20 
·19 .• 70 
19.12 
18.22 
:-~- 18. 38 
i9.20 
21.00 
23.90 
24.70 
25.35 
28.70 
3 
Actual Ratio 
of Capability 
to Peak Load 
(~)/(2): ~: 
1.477 
1.534 
l.385 
1.387 
1.427 
1.516 
1.500 
1.521 
l.540 
1.555 
1.645 
1.763 
1.888 
l.882 
1.776 
1.640 
1.469 
l.441 
1.479 
1.354 
4 
Assumed 
Objective Ratio 
of Capability 
to Peak Load. 
1.484 
1.484 
l.484 
1.484 
1.484 
l.484 
1.484 
1.484 
l.484 
1.484 
1.472 
l.459 
1.457 
1.434 
1.422 
1.409 
1.397 
1.384 
1.372 
1.359 
5. 
Indicated 
Forecast 
Peak -Load 
Million kw 
:(~)/(~) 
8.57 
9.10 
9.57 
10.55 
11.93 
14.45 
15.77 
16.91 
18.73 
20.ll 
22.01 
23.10 
23.77 
24.13 
23.98 
24.45 
25.13 
25.72 
. 27 .33 
28.59 
6 
Excess of 
Actua1 Peak 
Load Over 
"Forecast" 
(100 X {2~/(5))-~0~ 
0.35 
- 3.30 
7.11 
6.92 
3.94 
- 2.08 
- 1.08 
- 2.42 
- 3.63 
- 4.53 
- 10.50 
- 17.23 
- 23.35 
- 23.83 
- 19.93 
- 14.21 
- 4.89 
- 3.97 
- 7.24 
- 0.38 
.:Note: Dat$. for years 1920 through 1953 based on .Ed:i-s:ori Elec.~r-i_c 'institute Electric utility Industry statistics in the United States Volume No .• 21. ~ - . . . . . . . . -· . . 
·(J'\ 
•; 0\ 
·1~)'40 
'J~ 
-2 
3: 
4 
·?· 6 
:-7 
8: 
9 
'50<} 
·r. 
:2 
··3·_ . .  
4
. 
.. 
5 
6 
7 
8 
·9 
60 
i 
i 
I 
-I 
I 
:/ 
'/ 
., 
., 
I 
I 
I 
'.,J 
i 
I 
i 
·! 
! 
l 
December 
cavabili ty 
< Million kw 
39.99 
42.15 
44.85 
47.65 
48.80 
50.05 
50.15 
52.55 
57.30 
64.50 
70.90 
78.75 
84.35 
95.50 
107.50 
119.85 
126.50 
135.45 
148.60 
163.30 
174.90 
' 
TABLE D/-B 
COMPARISON OF INDICATED FORECAST ANNUAL PEAK LOADS WITH 
ACTUAL ANNUAL PEAK LOADS FOR THE TorAL UNITED STATES 
2 
Non-
Coincident 
December 
Peak Lof¥1 
Million kw 
- 30.80 
34.65 
35.85 
40.10 
40.65 
39.55 
45.00 
49.55 
53.75 
56.50 
64.30 
70.45 
75.45 
81.20 
88.70 
101.65 
106.20 
110.85 
116.90 
125.40 
133.00 
3 
Actual Ratio 
of Capability 
to Peak Load 
(1)/(2) 
1.298 
1.216 
1.251 
1.188 
1.200 
1.265 
1.114 
1.060 
1.066 
l.~42 
1.103 
1.118 
l.ll8 
1.176 
1.212 
. 
. . 
1.179 
1.191 
1..222 
1.271 
1.302 
1.315 
4 
Assumed 
Objective Ratio 
of -Capability 
to Peak Load 
1.347 
1.335 
1.322 
1.310 
1.297 
1.285 
1.272 
1.260 
1.247 
1.235 
1.222 
1.210 
1.·210 .. . .. · 
1-.210 
i.210 
1.210 
1.210 
l.210 
1.210 
1.210 
1.210 
5 
Indicated 
Forecast 
Peak Load 
Million kw 
= (1)~~): 29. 9 
\ 31.57 
33.93 
39.38 
37.62 
38.95 
39.43 
41.70 
45.95 
52.23 
58.02 
65.08 
69.71 
78.93 
88.84 
99.05 
104.55 
1.11.94 
122.81 
134.96 
144.55 
6' 
Excess of 
Actual Peak 
Load Over 
.· 
11Forecast" 
- 'fa 
(1~0 X: (2)~5))-109 
3.7 
9.76 
5.66 
1.83 
8.05 
1.54 
14.13 
18.82 
16.97 
8.18 
10.82 
8.25 
8.23 
2.88 
0.16 
2.62 
1.58 
-
-~o •. 97 
-
4.81 
- 7.08 
- 7.99 
Note: Data folj' years 1920 through 1953 based on Edison:. Electric Institute Electric Utility Industry 
statistics in the United States Volume No. 21, for 195!+ through 1959, Volume No. 27· and fo
r 
1960 ba~ed on twenty-ninth Edison Electric Institute, Semi-Annna] Electric Power Survey under 
title of "Total Electric Utility Industry of the Contiguous United States." 
: .. ,·.i, __ . 
·. f 
'""'· . . . 
"-'·' ~ 
-~· 
·::·· 
., 
,; 
-#- .. ----··--~-- .. 
,1 .. ·. 
Co. A 
19-30. * 
1: ------- -* 
:z:. 
* 
3-· * . 
. 4 * 
:5' 410 
'.6: 440 
·7 446 
'8, 496 
·9:. 513 
=46, 549 
,l 593 
·2 .. .. 663 
3 691 
:4 721 
:5 68_4: 
6' 1.55 . 
' ' 
7· ·:810. 
,- .. 
'$§5 8 
:9 .-88-5 
50 ::972 
:·1 
.1035 
=2· 108:l 
3: .1104 
.4 1135 
5: 1259 
6: 1298 
. 7 1342 
:8· 1387 
§l 1476 
60 ,! • .• 1480 
.. 
TABLE V ... 
. ANNUAL PEAK LOADS 
(mw) 
Co. B 
527 
------484 
455 
477 
484 
521 
573 
·.5·7 .. 0: 
:6.io 
701.~ 
7·'57 
e:5~ .. 
'840.: 
999' 
.1J)04· 
9'76.= 
l:0'30. 
110:5. 
115.9.: 
1·228 
. . .. 
1:40.5. 
1'488; ) ' :, . -
1600: 
1·q93; 
1839 .. :, 
-2022· 
·2061 
~:a7·3: 
. . ' ~ 
~349 
·.2618 
2819: 
Notes - - "*" Not available. 
Co. C ·co· .• D 
642 * 6o4 
* 
,.56.4 
* 599· 220 
612 222 
675 272 
755 315 
748 3i9 
791 346. 
853 3:87 
:,-908 3.5J3 
io23: 480 
103:5. 510 
1095' 527 
:1182: 548 
1218· 543 . . .. , 
- . . - . ; 
:1302· 584 
+34.7 627 
:1::1+63 682 
.1472 727 
1644 763 
1718 796 
1797 824 
1848 869 
1984 914 
2183 994 
2168 1044 
2317 1112 
2306· 1131 
2543 1224'. 
.2.,628 1242· 
;.. ·. - .:· .. 
Ba.sed on data supplie·tt-:b.y the :irtd:i.vt:dual ct>ItlP.~-i.e.$·;·• ... 
68 · 
\ 
Co. E 
* 
* 
* 
143 
159 
165 
174 
189 
198 
218 
245 
277 
314 
353 
3.59. 
380 
397· 
418 
449 
469 
509 
578 
648 
700 
737 
807 
860 
959 
1020 
.11·51 
12·5·9 ,, 
l.910 
1 
2 
3 
4: 
5·-
:6-
,;: ·7:· 
·e· 
9 
20 
1. 
2: 
3· 
.4 
_5-.-
-c:_·· ...
·o· 
.7 
8 
9 
30· 
1 .. 
J:f 
3 -
:·4 
5 
.6 
7--
8 
:9 .. 
Co. A 
0.197 
0.234 
0.270 
0.305 
0.329 
0.366 
0.501 
0.639 
0.735 
0.749 
o.849 
0.773 
0.890 
1.059 
1.100 
1.280 
1.468 
1.689 
1.796 
1.888 
1.984 
1.886 
1.744 
1.799 
1.941 
2.012 
2.310 
2.264 
2.327 
2.570 
TABLE VI - A 
ANNUAL ENERGY REQUIREMENTS 
{Billion kwh per year) 
Co. B 
0.282 
0.308 
0.346 
0.389 · 
o.417 
o.476 
0.589 
0.717 
0.772 
0.794 
0.883 
0~794 
0.928 
1.050 
1.162 
1.351 
1.543 
1.702 
1.879 
2.134 
2.174 
2.171 
2.038 
2.038 
2.136 
2.269 
2.532 
2.747 
2.678 
2.995 
Co. C 
0.126 
0.148 
0.222 
0.278 
0.302 
0.346 
o.490 
0.663 
o.76o 
0.809 
1.011 
0.967 
1.063 
1.282 
1.437 
1.643 
1.924 
2.096 
2.325 
2.834 
2.832 
2.751 
2.596 
2.705 
2.824 
3.068 
3.435 
3_.63]. 
3.654 
4.033 
Co. D 
0.170 
0.205 
0.233 
0.26o 
0.282 
0.310 
0.393 
o.498 
0.576 
0.548 
0.691. 
0.570· 
.0.6:57 
o.·767 
0.788 
.0.877 
0.957 
1.002 
1.115 
1.239 
1.225 
1.141 
0.971 
1.071 
1.163 
1. 363 
1.627 
1.814 
1.615 
1.979 
- ,---'• :: 
Co. E 
0.077 
o.o82 
0.091 
0.101 
0.105 
0.) J J 
0.122 
0.140 
0.177 
0.203 
0.225 
0.237 
0.251 
0.269 
0.286 
0.319 
0.350 
0.383 
o.425 
o.463 
0.504 
0.537 
c.562 
0.579 
0.690 
0.754 
0.812 
0.867 
0.950 
1.041 
United 
States 
* 
* 
* 
·* 
*· 
jf· 
* 
* 
·* 
* 
39.4o 
37.18 
43.63 
51.23 
54.66 
61.45 
69.35 
75.42 
82.79 
92.1_8 
91.11 
87.35 
79.39 
81.74 
87.26 
95.29 
109.32 
118.91 
113.81 
127.64 
Notes: "*" Not avail.able. 
Based on data supplied by the individual companies, and for the United States for 1h e .years 1920 through 1953 based on Edison Electric Institute Electric Utility Industry Statistics in the United States, Volume No. 21, and for 1954 through 1959, Volume No. 27. 
~D 
D 
111 
1:1 
] 
i 
I 
F 
I 
I 
I ,, ' 
:, 
:1 
:1 
i 
..; 
•• •, ' i • " • •-. '•'"'I ·.••-'•J :; .•• ,.,. ••'·'"'°"'· ... .,, 
Co. A 
-1.5J4o. 2.788 
l: 3.210 
·2 3.450 
'3 3.839 
'4 3.932 
):' 3.862 
6' 3.808 
·7 4.201 
·,a· 4.623 
9· 4.483 
:·50 5.055 
·1 5.491 
:2 5.707 
·3 5.977 4 5.897 
' 
6.555 
6 7.034 
7 . 7.274 
'8 7.236 
·9 7.656 
.:..... 
:6() 7.913 
TABLE VI - B 
ANNUAL ENERGY REQUIREMENTS 
(Billion kwh per year) 
Co. B Co. C 
3.317 4.4o2 
3.903 5.010 
4.320 5.613 
5.289 6.338 
5.376 6.767 
4.940 6.713 
4.781 6.711 
5.286 7 .132 
5.597 7 .579. 
5.697 7.616 
6.554 8.365 
-· 7.195 8.994 
7.746 9.420 
8.324 9.958 
8.658 10.137 
9.547 11.158· 
10.274 11. 741 
11.019. 12.171 
11 •. 538 12.235 
1~.:12a 13.249 
l:3:•·_35·.7 13.623 
... 70 
United 
Co. D Co. E States 
2.26o 1.142 1 1~1.84 
2.620 1.343 164. 79 
2.961 1.569 185.98 
3.24o 1.796 217.76 
3.337 1.884 228.19 
3.250 1.893 222~49 
3.086 1.890 223.18 
3.488: 2.044 255.73 
3.853 2.179 ff 282.70 3-.8-:JL 2.29_7 291.10 ,. 
4~296· 2·:.507 329.14 
-4.641 =2,823 ,370.67 
4.6.~5 3.073 399.22 
:5···1.3·:3. 3.255 442.66 
5: •. :190 3.443 471.69 
:5.787 3.708 547 .04 6 .• :126' 3.939 600.67 .. 
6';·543 4.254 631.51 
6.477 4.508 645.10 
·6 .• 692: _5.08·6 709.70 
'7•?92 ·::5 .4l2: 
* 
N,o.te.:s .. : Tr~IJ Not available. 
\. Based on data'-supplied by the individual companies, and for the United States for the years 1920 through 1953 based on Edison Electric Institute Electric Utili~y Industry Statistics in the United States, Volume No. 2l, and for 1954 through 1959, Volume No. 27. 
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.3. 
4,: 
5 
6.: 
7' 
.·a, 
9 
?P 
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TABLE VII-A 
ENVELO:f>ES OF ANNUAL ENERGY REQUIREMENTS 
(Billion kwh per Year) 
Co. A 
0.215 
0.251 
0.295 
0.347 
o.4o4 
·0.472 
0.548 
0.639 
o. 735 
0.820 
0.910 
0~997 
1.10 
1.21 
1.33 · 
1.45 
1.57, 
1.689 
1.796 
l-.8&3.: 
2.00 
2.10 
2.21 
2.32 
2.44 
2.57 
2.71 
2.85 
3.00 
3.15 
Upper Envelope 
Co. B Co. C 
0.347 
0.386 
o.430 
o.478 
0.528 
0.584 
o.648 
0.717 
0.792 
0.874 
0.963 
1.06 
1.165 
1.275 
1.395 
1.52 
1.66 
1.805 
1.96 
.2.·i·J4 
2 .• ·28. 
. . . . 
·.2,.:45 
,2.63 
2.82 
3.01 
3.23 
3.44 
3.66 
3.91 
4.1.6· 
Most Probable 
0.163 
0.202 
0.248 
0.307 
0.375 
o.458 
0.553 
0.663 
0.795 
0.935 
1.095 
1.265 
1.45 
1.65 
1.84 
2.05 
2.23 
2.43 
2.63 
2.834 
3:_.·01 
3-.22 
3.42 
3.63 
3.85 
4.08 
4.32 
4.59 
4.85 
·5 .• ·13 
Co. D 
0.281 
0.310 
o.34o 
o. 37·3 
o.410 
o.450 
o.490 
0.533 
0.581 
0.635 
0.691 
0.742 
o.8o2 
o.868 
0.937 
1.01 
1.08 
1.165 
1.255 
1.35. 
:1 •. :44 
. 'i ,::54 .. 
1.61 
1.755 
1.87 
1.99 
2.12 
2.25 
2 .• _39 
i2.-.54· 
Lower 
Envelope 
Co. E 
0.070 
0.077 
0.084 
0.092 
0.102 
0.111 
0.122' 
o ..• ·134 
0-.·146 
:0.1.61. 
:o.1·75 
0.192 
·0.211 
0.231 
0.253 
0.278 
0.305 
0.335 
0.366 
o.4oo 
o.440 
o.481 . 
0.528 
0.579 
0.632 
0.690 
0.756 
0.822 
0.899 
0.97:8 
-t 
I 
i 
' i 
72 TABLE VII-B 
ENVELOPES OF ANNUAL ENERGY REQUIREMENTS . 
{Billion Kwh Per Year) \ 
I 
I 
Upper Envelope \. I 
II 
I Co. A Co. B Probable Most Probable Most Maximum Probable Maximum Probable 
1940 3.31 3.31 4.42 4.42 1 3.47 3.47 4.70 4.70 2 3.65 · 3.65 4.99 4.99 3 3.839 3.839 5.289 5.289 4 4.02 4.01 5.61 5.60 
-- .. 5 4.23 4.20 5.95 5.92 ,I ·t,.,; ,) 6. 4.44 4.41 6.34 6.30 . •· , : f · .. . . ·1· : 4.67 4.~2 6.65 6.60 7 
'8 4.90 4.84 7 .05 7.00 
~J 5.14 5.09 7.50 7.45 
• :5(J 5.40 5.32. 7.95 7.87 
·1 .. 5.68 5.58 ··...:o 8.45 8.32 
·2 5 .96 5.84 8.95 8.80 3 6.25 6.11 9.50 9.30 
. 4· · 6.56 6.40 10.1 9.80 5: 6.90 6.68 
. 10.65 10.3 :6· 7.25 7.034 11.3 10.9 :7. 7 .61 7.36 12.0 11.5 a. 8.00 7.68 12.65 12.2 
·9. 8.40 8.0S 13.45 12.9 
6·o 8·.85 -- 8.48 14.25 13.7 -1 9.30 8.88 15 .05 14.5 2 9.75 9.28 15.95 15.3 3 · 10.25 9.70 16.8 16.1 4 .,, ' I~ 10.75 10.2 17.8 16.9 5 11.25 10.7 18 .8·5 17.8 
I 
1940 
1 
2 
3 .. 
:4 
;5· 
. :6 .. 
7 
-a 
:9· 
5J)· 
•" 
l 
·.2· 
3: 
·4. 
·5·· 
6· 
7 :a. 
9 
-·~ 
·:6·o: 
l 
2 
3' 
,4 
5· ,· 
TABLE VII-C 
ENVELOPES OF ANNUAL ENERGY REQUIREMENTS 
(Billion Kwh Per Year) 
Upper Envelope 
Co. C Co. D 
Probable Most Probable Probable Most 
Maximum Probable Minjmum Maximt1m Probable 
5.43 5.43 5.43 2.70 2.70 5.72 5.72 5.72 2.86 2.86 6.07 6.07 6.07 3.o4 3.04 6.40 6.40 6.40 3.240 3.240 6.767 6.767 6.767 3.44 3.44 
. 7.18 7.17 7.12 3.65 3.65 . 7.60 7 .58 7.50 3.88 3.87 8.00 7.95 7.88 4.12 4.10 8.42 8.38 8.28 4.38 4.35 8.90 8.80 8.69 4.65 4.60 
9.41 9.30 9.17 4.92 4.88 
9.96 9.80 9.60 5.23 5.16 10.5 10.3 10.05 5.57 5.46 11.1 10.85 10.·55 5.90 5.79 11.65 11.45 11.05 6.26 6.11 
12.35 12.05 11.6 6.62 6.46 
13.0 12.65 12.1 7.o4 6.82 
13.65 13.35 12.65 7.46 7.21 14.5 14.o 13.2 7.90 7.61 15 .2 14.8 13.8 · 8.38 8.o4 
16.1 15.5 14.45 8.85 8.46 
17.0 16.4 · 15 .1 9.35 8.96 
17.9 17.2 15.8 9.90 9.45 18.8 18.1 16.5 10.5 9.98 
19.8 19.0 17.2 11.1 10.55 21.·o 20.0 18.0 11.7 11.15 
~) . 
:73_ 
\~ 
. -1 
" 
'It · TABLE VII-D 
.bYELOPEs OF ANNUAL ENERGY. REQUIREMENTS 
.. 
(Billion Kwh Per Year) -
Lower Envelope 
Co. E 
Probable Most Probable 
Maximum Probable Minimum /'. 
~ 
1940 1.0$5 1.c65 1.QS5 :.·: .. 1 1.16 1.16 
. . ..... -· -· •- -· - .... _~· .... , .. 1.16 1.26 • - - --- > ~ - - - •••• 2 1.26 1.26 3 1.38 1.38 1.38 
·4 1.485 1.485 1.485 
·5· 1.615 1.615 1.615 ··' 6. 1.75 1.75 1.75 7· 1.90 1.90 1.89 
.e: 2.~ 2.05 2.03 9 2.23 2.21 2.19 
50 2.41 2.-38 2.36 1 2.61 2.57 2.52 2 2.83 2.77 2.71 3 3.07 2.99 2.91 4 3.31 3.21 3.11 5 3.57 3.45 3.33 
.6: 3.84 3.71 3.58 '· 7· 4.16 3.99 3.81 
·e. 4.50S 4.30 4.09 
~J- 4.89 4.62 4.35 ,· .· :~ -
.6.(5,:. 5.412 5 03 4.65 
,\:_._ 
1 .... ,' ,- : ·,·, 
:5·'34 4.97 l 5.70 .' 2: 6.17 5.,7·3 5.28 .• i;!· 
·:3· 6.66 
·6.15 5.63 4 7 .18 
·6.59 6.00 
:5.· 7.72 7.(ij 6.39 
- •- ---~-......... · . :. 
... 
TABLE VIII-A :~r: 
ANNUAL ENERGY SALES 
.--.. (Billion kwh per year) 
Co. A Co. B. 
Residential Residential 
and and 
Industrial Commercial Total Industrial Commercial 
1933 * * * 0.855 0.764 4 
* * *· o.886 o_.813 5 * * * 0.928 0.891 6 .. * * * 1.074 0.976 7 1.496 0.522 2.018 1.209 . 1.059 8 1.514 0.551 · 2.065 1.090 1.105 
9· 111.684 0.592 2.276 1.288 1.196 
40 1~869 0.638 . ·2.507 1.503 ·1.274 1 2.187 o.686 2.873 1.970 1.362 
2 2.443 0.701 3.144 2.382 1.379 
. 3: 2.775 0.730 3.505 3.314 1.392 4 2.827 0.768 3.595 3.379 1.387 
:5 2.726 0.812 3.538 2.924 1.451 
:_6 2.579 0.935 3.514 2.429 1.727 
7 2.7&3 1.054 3.837 2.742 1.894 8: 2.987 1.201 4.188 2.904 2.065 fl. 2.788 1.339 4.127 2.812 2.243 
,50: 3.163 1.483 4.646 3.305 2.501 
l 3.317 1.652 4.969 3.647 2.786 2 3.357 1.803 5 .160 · 3.818 3.105 
3 3.445 1.981 5.426 4.101 3.388 4 3.o80 2.192 5.272 4.106 3.697 5 3.390 2.416 5 .806 4.538 4.062 6 3.627 2.633 6.26o 4.846 4.406 
7 3.668 2.851 6.519 5.117 4.813 8. 3.462 3.037 6.499· 5.269 5.140 
.9· 3.538 3.298 6.836 5.865 5.662 
'QC)' 3.6o1 3.494 7.095 * * 
Notes: "*" Not available. 
Based on data supplied by the individual companies and 
Moody Public Utilities. 
Total 
1.619 
1.699 
1.819 
2.050 
2.268 
2.195 
2.484 
2.777 
3.332 
3.761 
4. 706. 
4.766 
4.375 
4.156 
4.636 
4.969, 
5.o45 
5~806 
6.433 
6.923· 
7.483 
7.803 
8.6oo . 
9.252 
9.930 
10.409 
11.527 
* 
.. 
I ,-
\ 
, I 
TABLE VIII-B 
ANNUAL ENERGY SALES 
. (Billion kwh per year) 
.Co. C Co. D 
Residential Residential 
and and Industrial Commercial Total . Industrial Commercial Total 
1933 1.671 0.586' 2.257 0.698 0.282 0.980 4 1.928 0.636 2.564 0.757 o.3oa 1.065 5 2.101 0.697 2.798 0.917 0.332 1.249 6 . 2.391 0.778 3 .169 · ,, ·,' l.J.31 0~361 1.492 ·7 2.521 0.874 3.395 ~- ' 1.297 0.388 1.685 ' 8 2.477 0.932 3 409·. , 1.120 o.406 1.526 . . - )'" ' 9 2.756 1.042 3.798 1.391 o.437 1.828 
4o 3 .052· 1.113 4.165 1.609 0.1'81 2.090 1 3.ra4 1.220 , 4.824 , .• 869 0~544 
_ 2.413 · 2 4.· Bo 1.279 5 .459 2.162 0.570 2.732 3 · 4.881 
I 1.315 6.196 2.4o3 0.598 3.001 4 5.227 1.383 6.610 2.462 0.625 3.o87 5 5.049 1.454 6.503 2.363 0.655 3.018 6 4.784 l.675 6.459 2.118 0.729 2.847 1 5.033 1.851 6.884 2.391 0.825 3.216 8 5.349 2.019 7.368 2.635 0.921 3.556 
.. 9. 5.245 . 2.140 7.385 2.532 0.983 3.515 
:50, 5.692 2.380 8.072 2.867 1.o85 3.952 l 5.811 2.6ll 8.422 3.093 1.210 4.303 
·2· 5.755 2.796 8.551 2.934 1.338 4.272 
·3 6.063 3.033 9.096 3.292 1.450 4.742 
·-. 
' ., 
:4 6.049 3.226 9.275 3.228 1.582 4.810 :5 6.677 3.5o8 10.185 3.635 1.714 5 .349 6 6.910 3.819 10.729 3.701 1.890 5.591 '7 7.098 4.o48 11.146 3.912 2.046 5.958 8: 6.878 4.214 11.092 3.591 2.133 5.724 9: 7.703 4.569 12.272 3.652 2.350 6.002 
'60 
* * * *' * *· 
Notes: "*" Not available. 
Based on data supplied by the individual companies and: 
Moody Public Utilities. 
I 
i, J 
. 
• 
·v 
Industrial 
1920 * 1 * 
2 * 
3 * :4 
* 
:5:. 
* 
·6 
* 7· 
* 
·8 '• 
* 9 * 
.3.0' * 
l 
* 2 
* 
3 * 4 
* 5 0.212 
6 0.223 
7 0.232 
8 0.274 
_9 _, .. 0.299 
TABLE VIII-C 
ANNUAL ENERGY SALES 
(Billion kwh per year) 
77 
Co. E United States 
Residential Residential 
and and 
Commercial Total Industrial Commercial Total 
* * 22.39 9.63 32.02 
* * 
20.25 9.98 . 30.23 
* * 
24.02 11.45 35.47 
* * 
28.62 13.03 41.65 
* * 
30.26 14.18 44.44 
* * 
34.04 15.92 49.96 
* * 
39.16 16.93 56.09 
* * 
42.09 19.17 61.26 
* * 
45.49 21.50 66.99 
* * 
51.06 24.23 75.29 
- - --- ----
48.47 .· 26.-44 * * 74.91 
* * 
45.11 26.80 71.91 
* * 38.53 25.18 63.71 
* * 41.34 24.5_8 65.92 
* * 44.71 26.37 71.oa 0.396 o.6o8 48.82 28.78 77.6o 
o.444 0.667 57.30 32.74 90.04 
o.488 0.720 61.92 37.44 99.36_ 
0.523 0.797 53.65 40.09 93.74 
0.575 0.874 62.o8 43.69 105.77 
Notes: "*" Not available. 
Based on data supplied by the individual companies and Moody 
Public Utilities and for the United States for the years 
1920 through 1953 based on Edison Electric Institute -
Electric Utility Industry in the United States, Volume 
No. 21 and for 1954 through 1959 Volume No. 27. 
Indu.strial 
1940 0.328 
1 o.414 
2 0.586 
3: . 0.726 
4· 0.789 
5. 0.761 
6 0.717 
7 0.774 
; .•. 
8. o.848 
9 0.827 
:5.0 0.863 
l : •, 0.975 
.2.· 1.112 
3 1.043 
4· 1.073 
·5 1.~109 .. 
'6 : ··. 1.139 
!7 1.210 
a, 1.278 
9 '· : 1.432 
60 1.520 
\' 
TABLE VIII-D 
) 
-
ANNUAL ENERGY SALES 
{Billion kwh per year) . 
&o. E United States 
Residential Residential 
and and 
Commercial Total Industrial Commercial Total 
0.635 0.963 70.96 47.68 118.64 
0.720 1.134 87.96 52.10 140.06 
0.778 1.344 102.35 57.06 159.41 
0.832 1.558 126.o8 59.81 185 .89 
0.853 1.642 133.68 64.48 198.16 
0.903 1.664 125.27 69.29 193.56 
0.964 1.681 114.78 76.02 190.80 
1.058 1.832 129.48 88.10 217 .58 
1.160 2.0o8 14o.24 100.50 24o.74 
1.247 2.074 136.76 111.79 248.55 
1.369 2.232 155.66 124.88 280.54 
1.535 2.510 175.39 142.78 318.·17 
1.669 2.781 185.13 157.4o 342.53 
1.786 2.829 2o8 .36 175.88 384.24 
1.896 2.969 218.89 192.01 410.90 
2.068 3.177 268.89 212.03 480.92 
2.241 3.380 297 .44 232.69 530.13 
2.434· 3.644 304.34 253.49 557.83 
2.582 3.860 297 .82 271.34 569.16 
2.935 4.367 327.90 298.84 626. 74 
3.120 4.640 * * * 
.. N·.otes: "*" Not available.-
Based on data supplied by the individual companies and Moody 
Public Utilities and for the United States for the years 
1920 through 1953 based on Edison Electric Institute --
Electric Utility Industry in tbe United States, Volume 
No. 21 and for 1954 through 1959 Volume No. 27. 
I• 
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TABLE IX-A 
. ·~ .... • 
RATIO OF COOINED ANNUAL RESIDE?frIAL AND COMMERCIAL LOADS 
i:;_,; TO ENVELOPES OF ANNUAL ENERGY REQ,UIREMENTS 
U:QEer Envelo12e 
Coo A Co. B 
Probable Most Probable Most 
Maximum· Probable Maxiunim Probable 
1933 - - 0.3410 0.3410 
4 - - 0.3396 0.3396 
5 - - 0.3441 0.3441 
6 - - 0.3504 o.35o4 
7 0.2055 0.2055 0.3504 o.35o4 
~i, 8 0.2070 0.2070 0.3448 0.3448 I 0.3466 0.3466. 9: 0 .• 2122 0.2122 
·40 0.2045 0.2045 0.3~3 0.3443 
.. 
l 0.2209 0.2209 0.3394 0.3394 
.. 
2 0.2107 0.2107 0.3174 0.3174 
3 o.2o83 o.2o83 0.2958 0.2958 
4 0.2090 0.2095 0.2789 0.2794 
5 0~2065 o.2o80 0.2754 0.2768 
6 0.2282 0.2298 0.3134 0.3154 
7 0.2471 0.2498 0.3247 0.3272 
8 0.2705 0.2739 0.3299 0.3323 
·9 0.2831 0.2864 0.3377 o.34oo 
5b 0.2987 0.3032 0.3551 0.3587 
·1 0.3214 0.3272 0.3687 0.3745 
'2'. 0.3346 0.3415 0.3882 o.39~ 
·3. 0.3491 - 0.3571 0.3967 o.4o52 
:4 0.3738 0.3831 . o.4o62 o.4144 
.5. 0.3954 o.4o84 o.4234 o.4378 
:6: o.4o81 o.4206 o.4330 o.4489 
rr o.4180 o.4322 o.4451 o.4644 
·a·· o.4227 o.44o3 o.4504 o.4670 
9 o.4397 o.4571 o.46o8 o.4846 
·~ 6o o.4403 o.4595 * * 
Notes: "-" Does not apply; "*" Not available. 
• - L • ' ' • • ~ il' •• 
'<. 
·.a.o 
TABIE IX-B . 
RATIO OF COOINED ANNUAL RESIDENTIAL AND CQ4MERCIAL LQIU)S 
TO ENVELOPES OF ANNUAL ENERGY R!X}UIREMENTS 
U~;eer EnveloEe 
Co. C Co. D 
Probable Most Probable Probable Most 
Maximum Probable M. . iniurum Maximum Probable 
dr<> 
1933 0.1935 0.1935 0.1935 0.1792· 0.1792 
4 0.1819 0.1819 0.1819 0.1838 0.1838 
5 0.1873 0.1873 0.1873 o.J.858 0.1858 
6 0.1952 0.1952 0.1952 0.1893 0.1893 
1 0.2067 0.2067 0.2067 0.1882 0.1882 
a· o.206o 0.2060 0.2060 0.1805 0.1805 
9 0.2157 - 0.2157 0.2157 0.1878 0.1878 
,:4d: 0.2166 0.2166 0.2166 o.194o 0.1940 
. 1. 0.2215 0.2215. 0.2215 0.2065 0.2065 
.2·;_ ., 0.2167 0.2167 0.2167 0.2036 0.2036 
.. 
·3.· 0.2102 0.2102 0.2102 0.1991 0.1991 
4 0.2093 0.2093 0.2093 0.1964 0.1964 
5: 0.2090 0.2093 o.21o8 0.1932 · 0.1932 
6 0.2290 0.2296 0.2320 
•, 0.2042 0.2037 \ ! 
0.2412 0.2433 
\•. 
1 0.2397 0.2171 \, 0.2182 8· 0.2466 0.2478 o.25o8 0.2278 0.2294 
9 0.2480 o.25o8 o.254o 0.2311. 0.2336 
5Q 0.2621 0.2652 0.2690 0.2397 0.2417 
l 0.2799 0.2845 0.2904 0.2495 . 0.2529 
2 0.2933 0.2990 0.3064 0.2606 0.2659 
3· 0.2991 0.3060 o._3147 o.266o 0.2711 
4· 0.3026 0.3079 0.3190 0.2727 0.2794 
.5 0.3112 0.3189 0.3313 0.2801 0.2871 
:6 0.3215 0.3304 0.3454 0.2941 0.3036 
7 0.3268 0.3311 0.3494 0.3012 0.3116 
8 0.3206 0.3320 0.3521 0.3056 0.3172 
9 0.3224 0.3333 0.3574 0.3127 0.3259 
6() 
* * * * * 
Note: "*" Not available. 
,'·':· 
1933 
4 
5 
6 
7 
) 8 
9 
4o 
1 
2 . 
3 
4 
5 
6 
7 
8 
9: 
50 
1 
2 
3 
4 
5 
6. 
·7 
:8-
'· .• 
9 
,:60 
TABLE IX-C 
RATIO or· CCH1INED ANNUAL RESIDENTIAL AND CCl4MERCIAL L<Yu>S 
TO ENVELOPES OF ANNUAL ENERGY RmUIREMENTS 
Probable 
Maximwn 
-
-
o.7u7 
0.7150 
0.7139 
0.6934 
0.7003 
0.7070 
0.7351 
0.7192 
0.7001 
0.6591! 
0.6365 
0.6193 . 
0.6213 
0.6111 
0.6190 
0.6380 
0.6615 
0.6517 
0.6694 
o.6643 
J.6761 
o.6901 
0.6830 
0.6689 
0.6990 
0.6724 
Lower Envelope 
: 
Coo E 
Most 
Probable 
-
-
0.7117 
0.7150 
0.7139 
0.6934 
0.7003 
0.7070 
0.7351 
0.7192 
0.7001 
0.6591 
0.6365 
0.6193 
0.6245 
0.6150 
0.6215 
o.6450 
0.6731 
0.6663 
o.fi377 
0.6850 
0.6996 
0.7039 
0.7130 
0.6934 
0.7399 
0.7233 
Probable 
-
-
o.7n7 
0.7150 
0.7139 
0.6934 
0.7003 
.0.7070 
0.7351 
0.7192 
0.7001 
0.6591 
0.6365 
0.6211 
0.6262 
0.6201 
0.6303 
0.6529 
0.6851 
o.6818 
0.7074 
0.7070 
0.7248 
0.7295 
0.7457 
0.7197 
0.7858 
0.7826 
Note: "-" Does not apply. 
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1910 
•••• 
• • • • 
35 
6 
7 
8 
9 
40 . : ... 
·1 
2 
.t':,., 3· . 
·4 
·5 
.cJ. 
1. 
:·8' 
. :9: 
. . \ 
·50· 
:l 
:'.2. 
3 
·4, 
5 ,' 
6 
·7 
8 '•, 
9 
60 
:_]_. 
2: 
3 
.4. 
... 
5: 
TABLE X-A 
RATIO. OF ENVELOPES FOR THE INDUSTRIAL LOAD TO THOSE FOR THE TOTAL LOAD 
Um2er EnveloEe Coo A Co. B Probable Most Probable Maximtun Probable Maximum 
0.805 0.805 0.655 
• • • • • • • • • • • • • • • 
• • • • • • •••• • • • • • 
0.805 0.805 0.-655 0.804 0.804 0.655 0.803 0.803 0.655 0.801 0.801 0.655 0.799 0.799 0.656 
0.796 0.796 · 0.661 0.793 0.793 o.668 
'0.789 0.789 0.682 0.785 0.785 0.697 0.780 0.780 o.7o8 0.773 0.773 0.710 0.763 0.763 0.702 0.748 0.747 0.691 0.735 0.732 0.678 0.718 0.714 0.663 
0.700 . 0.696 o.648 0.683 0.675 ., 0.633 0.663 0.656 0.619 o.644 0.635 0.605 0.627 0.616 0.592 0.609 0.598 0.579 0.595 0.583 0.563 0.583 .. 0.568 I 0.558 0.572 . 0.556 0.548 0.563 0.545 o.54o 
0.554 0~537 0.534 0.547 0.528 0.528 0.541 0.521 0.522 0.536 0.515 0.516 0.532 0.509 0.513 0.528 0.504 0.509 
:aa: 
•,·· 
Most 
Probable 
0 
0.655 
• • • • • 
• • • • • 
0.655 
0.655 
0.655 
0.655 
0.656 
0.661 
o.668 
0.682 
0.697 
o.7o8 
0.710 
0.701 
o.688 
0.674 
0.658 
o.642 
0.625 
0.609 
0.595 
0.580 
0.567 
0.554 
0.542 
0.530 
0.520 
·, 0.511 L' ·,,_}\: 
0.503 
o.495 
o.489 
o.484 
o.48o 
.. 
1910 
• • • • 
• • • • 
35 
6 
7 
8 
9 
4o 
1 
2 .. .. 
3 
4 
5 
'6 
7 
8 
9' 
'5.Q' 
.1 
2 
3 
4 
5· 
6 
1 
8 
9 
6o. 
1 -- ·, 
2·· 
_3· 
4-. 
;.5.: 
TABLE X-B 
RATIO OF ENVELOPES FOR THE INDUSTRIAL LO\D 
TO THOSE FOR· THE TOTAL LOAD 
UJ?Rer EnveloEe 
Coo C Co. D Probab1e Most Probable Probable 
Maximwn Probable Minimum Maxiin1Jm 
0.805 0.805 0.805 0.816 
• • • • • • • • • • • • • • • • •••• 
• • • • • ••••• • • • • • • • • • • 
0.805 0.805 o.~Q5 0.816 0.804 o.8o4 0.804 0.816 0.803 9.803 0.803 0.815 0.801 0.801 0.801 0.814 0.799 0.799 0.799 0.813 · 
0.796 - 0.796 0.796 0.811 · 
0.793 · · Q .• 793 o. 793 . 
.. 0.809 0.789 0.789 0.789 0.806 0.785 0.785 0.785 0.803 0.781 0.781 0.781 0.799 0.775 0.775 0.773 0.794 
10. 769 0.768 0.766 0.789 0.763 0.761 0.758 0.783 0.755 0.752 0.748 0.777 0.746 0.742 0.737 0.768 
0.735 0.731 0.724 0.761 0.724 0.720 0.712 0.752 0.713 0.707 0.700 0.741 0.703 0.697 o.688 0.732 0.696- o.688 0.678 0.723 o.688 0.681 0.669 0.714 
o.684. 0.676 0.660 0.707 0.682 0.671 0.653 0.700 0.680 o.668 o.647 
. 0.694 0.679 o.666 o.641 0.689 
0.678 o.664 0.636 o.684 0.677 0.663 0.632 0.682 0.677 0.662 o.628 0.680 0.676 0.661 0.625 0.679 0.676 0.660 0.622 0.678 0.676 o.66o 0.620 0.677 
.. 
\ 
Most 
Probable 
0.816 
• • • • • 
• •••• 
0.816 
.0.816 
0.815 
0.814 
0.813 
0.811 
o.·809 
0.806 
0.803 
0.799 
0.794 
0.789 
0.783 
0.777 
0.767 
0.758 
0.747 
0.737 
0.727 
.0.717 
·0.709 
0.700 
0.692 
0.685 
0.679 
0.674 
0.671 
o.668 
o.666 
o.664 
0.662 
' 
·" 1910 
• • • • 
• • • • 
35 
6 
·7 
8· 
.9· 
40 .,, 
·. . 
.· 
l: 
·2:" 
.3 
·4 
5· 6: 
·.7 
.a: 
.9: 
SC) ' 
·1 
,2' 
3· 
4 
5 
6 
.7 
8 
9 
- -···-
______ 6o -- ... 
1 
2 
3: 
:~ 
4. 
.5: 
TABLE X-C 
RATIO OF ENVELOPES FOR THE INDUSTRIAL LOf\D 
TO THOSE FOR THE TOTAL LOA.D 
Lower Envelo12e 
Coa E 
Probable Most Probable 
Maximum Probable Minimum 
0.287 0.287 0.287 
e e II e e • • • • • • • • • • 
• • • • • • • • • • • • • • • 
0.287 0.287 0.287 
0.287 0.287 0.287 
0.287 0.287 00287 
0.287 0.287 0.287 
0.287 0.287 0.287 
0.287 0.287 0.287 
0.287 0.287 0.287 
0.291 0.291 0.291 
0.305 0.305 0.305 
0.333 0.333 0.333 
0.361. 0.361 0.361 
0.378 0.377 0.375 
0.386 0.385 0.380 
0.386 0.382 0.379 
0.378 0.373 0.368 
0.363 0.355 0.350 
0.349 0.344 0.335 
0.339 0.331 I 0.320 
0.331 0.321 0.305 
0.326 0.311 0.292 
0.323 0.302 0.278 
0.320 0.295 0.265 
0.317 0.288 . 0.253 
0.316 0.280 0.240 
0.315 0.274 0.228 
0.315 0.268 0.216 
c.,.315 0.263 0.205 
. 0.315 
- ' - - - ~ -··-··· -··"·• ,_ - .. 0.259 ~ . ... ·-·· .. - -- •- - .. - ..... - - ~ .. 0.193 
0.315 0.255 0.183 
0.315 0.250 0.171 
0.315 0.244 o.16o 
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TABLE XI-A 
• • 
ENVELOPES OF ANNUAL ENERGY REQUIREMENTS 
(Billion Kwh Per Year) 
co·--.A· 
... .. . . 
0 .• 1·67 
·o .195 
O .229 
0.269 
0.313 
0.366 
O .425. 
(J-~495. 
··=·o. 570, 
0 .6·36 
.0·!·106·: 
Q .• 773 
.0 .853. 
0.938 
. l.·OJl 
1.124 
\ ... · . 
1 .. 217 
.1. 310 
_1,.393 
1.=4:66 
1.:551 
1.628 
1.714 
1.799 
1.892 
1.992 
2.100 
2.210 
2".328 
2. 44_5 
Lower Envelope 
Co. B . Co. C 
O .238 
0 •• 264 
:o-. 295. 
0·.327 
0.362 
o.4oo 
o.444 
o.491 
.o. 543 
0.599 
:0.660· 
:0 ,-.726. 
·6.798 
o .873 
O •. :·956: 
1-.041 
1 .. 137-· 
l.'236'. 
1. 3.43 
. 1.4.62: 
·1. §62 
:l,.678 
1 .. 802 
1 .• 93_2 
2.062 
:2 .213· 
2. 35·/ •... o. 
.2 •. 507 
,·' 2·.·678 
·2-.84-7 
0 .12Q· 
0.148 
0·:.182 
o,.~25 
0: .. 27~ 
o_.·3j6 
o·.405 
b.486 
0.583 
o.686 
0.803 
0 .•. 9_~8 
i. •. 063 
:1 "210 
1 • .-350 . 
1. i.:"5-0.4 
1.636 
:1 ~·7·63 
·.1.929 
... 
:-2.-.:079 
:2;. 20·8 
~I. 362 
2.509 
2.663 
2.824 
2.993 
3.170 
3.370 
:~: ··:5:_64 
3 •. 77_3 
0 ... :169· 
·o .187 
0.205 
0.225 
0.247 
0.271 
0.295 
0.321 
0.350 
0.383 
o.·4t7 
o.447 
o.484 
O .523 
0.565 
0.609 
0 .65:1 
·o .702 
o._757 
::b- •. 814 
:o.868 
0 ... 929 
o -97J-
1_.-058 
1 .. 12.8· 
1.200 
i.-278 
1.3.58· 
l.4.44 
i •.53,6 
Upper 
Envelope 
Co. E 
0.090 
0.099 
0.108 
0.118 
0.131 
0~~43 
b .157 
0 ..• 172 
0. ~8:8: 
jj .207· 
0.225 
0.247 
0.271 
0.297 
O. 325: 
0.357 
0-.• 392 
.o.431 
0 .·4-11 
Q.-.514 . 
0: .•. 566 
·o .• 6.i-.8 
o·.679 
0.744 
0 .813 
o: .i887· 
0~:973 
:1 .• :05·9 
1.1.60. 
-1 •. 263 
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TABLE XI-B 
' ' 
ENVELOPES OF ANNUAL ENERGY REQUIRDiENTS 
I 
(Billion kwh perd\·'year) 
Lower EnveloEe 
Co. A Co. B 
Probable Most Probable Most 
Maximum Probable Maximum Probable 
· 194o 2.575 2.575 13 .014· 3.014 
1 2.702 2.702 3.189 3.189 
2 2.846 2.846 3.353 3.353 
3 2.998 2.998 3.516 3.516 
4 3.137 3.137 3.693 3.693 
5 3.318 3.294 3.917 3.898 
6 3.495 3.472 4.200 4.176 
.7 3.696 3.657 4.440 4.415 
- 8· 3.896 3.846 4.752 4.730 ·' 
~l 4.110 4.068 5.103 5.093 . 
,5.0 .. · 4.345 4.287 5.473 7.440 
l 4.597 4.528 - 5 .878 5.819 .. 
2 4.857 4.771 6.285 6.223 
3 5.128 5.027 6.736 6.638 
·4 5.412 5.300 7.224 7.o65 
5 5.727 5.566 7.685 7.490 
6 6.047 5.887 8.213 7.996 
7 6.373 6.194 8.779 8.501 
8 6.723 6.488 9.315 9.o89 
9 7.o81 6.852 9.956 9.672 
6o· 7.482 7.210 10.591 10.332 
1 .. 7.880 7.571 11.227 10.991 
·.2-: 8.278 7.932 11.947 11.659 
3 . 8.716 8.307 12.627 12.313 
4 9.155 8.752 13 .407 12.966 
5 9.592 9.196 14.236 13.692 
r-•-•••-•.,o-,~---••»~ ••·~·-··--·-··-- .... --..... ••, ., ••• --·· •• ~- .~-·-- • .... • -"•--<•·~--~-••••' •',-,••~ .- ... ,Mn .. •••=•,• • '. • • • 
·-·~· '.· 
·}• 
1-·' .. 
~/>;·' .. 
, . .';;·.'; "t ' 
•.. ,···: 
87 
·fl' TABLE XI-C 
ENVELOPES OF ANNUAL ENERGY REQUIRD1ENTS 
CJ (Billion kwh per year) 
. ! 
,. 
I 
I 
Lower Envelo12e I Co. C Co. D 
Probable Most Probable Probable Most 
Maximum Probable Minimum Maxj llDJm Probable :1.:1 
194o 4.ooo 4.000 4.ooo 1.635 1.635 . 
lj 
;.. .. 1 4.219 4.219 4.219 1.735 1.735 1 
2 4.485" · 4.485 4.485 1.848 1.848 :11 
11 
3 4.737 4.737 4.737 1.974 1.974 111 
r: 
4 5.017 5.017 5.017 · 2.103 ·2.103 ~ I 
5 5.337 5.330 5.299 2.240 : 2.24o . r1 ;1 :0 
6 5.665 5.653 5.598 -,2.390, .. 2.385 :,I 
'·' 
7 5.979 5.948 5.904 2.551 2.539 ' ' ' ... ,\ 
8' 6.288 6.293 6.230 2.724 2.706 r,, :~ 
9· 6.613 6.639 6.570 2.913 2.875 I': I ,i J 
i 
I 
I 
:1 
50· 7.121 7.049 6.973 3 .. 099 3.081 ', r 
1 7.574 7.464 7.34o 3.317 3.285 · . Ii . . .-:·: . . 
2 8.002- 7.890 7.720 3.563 3.503 
3 8.507 8.346 8.147 ··3 .800 · 3.743 
4· 8.964 8.841 . 8.558 .. 4.059 3.979 
5 9.532 9.334 9.032 ·4.322 4.233 
6 10.057 9.819 9.457 "4.620 4.498 I - ·u 
1 10.568 · 10.383 9.915 4.921 4.783 
8 11.238 10.903 10.373 5.233 5.074 
11.783 . 11.538 10.872. -5 .385 :: 9 5.571 
·,6o 12.487 12.096 11.410 5.906 5.687 
1 13.192 12.802 11.935 6.248 6.035 
2 13.890 13.430 12.526 6.625 6.379 
3 14.593 14.140 13 .o88 7.033 6.746 
·4 15.369 14.850 13.660 7.439 7.142 
5 16.300 15.632 14.306 7.848 7.560 
·'· 
.. 
'" ' ' 
·"' 
. ~ .. 
. . . 
. /.: 
-~ 
. . 
·194o 
1· 
2 
3 14 
5 
"6 
7 
:8 
·9 
·5{) 
.. 1 . 
2 
3 
4. 
5 
6 
7 
,8 .. 
9 
6o 
1 
2 
3 
4 
5 
... 
' 
r,.:: 
:-
,, ,1 
.. ti 
.. ,....,,, 
., ... :.. 
'· -;. 88 .. . . 
TABLE XI-D 
. ENVELOPES OF ANNUAL ENERGY REQUIREMENTS 
I • 
· (Billion kwh per year) .. 
UEEer Envelo;ee 
Coo E · 
Probable Most Probable 
Maximum Probable Minimum ... 
1.376 1.376 · 1.376 
1.499 1.499 ·1.499 
1.634 1.634 1.634 
1.w796 1.796, 1.796 
1.987 1.987 1.987 
2,203 2.195 2.195 
2.417 2.4o7 2.397 
2.636 2.622 2.598 
2.856 2.826 2.796 
3.074 3.032 2.992 
3.283 3.227 3.175 
.. 
· 3.~3 3.361 3.517 
3.785 3.680 3.567 
4.o82 3.943 3.787. 
', .. 
4&9384 4.204 4.014 
4.718 . · 4.487 4,252 . 
5.102 4.800 4.524 
5,·473 5.128 
.. 
4.769 
5.926 5.497 5.o88 
6.423 5.880 5.337 
6.857 6.258 5.645 
7.488 6.732 5.984 
8.105 7.201 6.295 
8.749 70705 6.706 
9.4.-~2 8.231 7.021 
10.141 8.769 7.4o7 
19t0, 
··.l 
-2: 
3. 
'4 
:·5._ 
·6 
7: 
,·8: 
:·9 
-20-
1 
·2·. .. 
3 
.4 
5: 
·,6 .... c'. 
' .. 
7 , .. 
8· 
9 
3·;,Q, : -.· .. : 
.1. 
2 
3 }+ 
:5• 
... •. 
'6 
7·. 
8: 
5). 
TABLE XII-A 
TREND LINES OF ANNUAL ENERGY REQUIREMENTS 
(Billion Kwh Per Year) 
CO:·,. .A· 
. . - . ·. - . . ,' - . 
0 •. 191 
0-:?.23 
0: . ""16·;2· · ' .:c.: ,. :· 
0.308 
0.359 
o.419 
o.486 
0.567 
0.652 
0.728 
0.808 
0.885 
0.976 
1.074 
l .J_.80 
1.'287 
1 .. 3-93 
1 .. 499 
1 :··.5-5?"4 
i ,.677 
1 .. 775 
1.~·eo.3 
1,.96'1 
2.059 
2.166 
2.281 
2.405 
2·.531 
2.665 
2.799 
.Co. B 
'(?'_. ·292 
{):I! 3·2·5 
O .3.62. 
:o .• 403 
o.445 
·o. 492 
·Q .• 546. 
·o<.6'o4 
0 .•. ~67' 
:o. 736 
.0:.811 
0.893 
0.981 
1.074 
1.175 
1.280 
1.398. 
1.-.:521 
1 .. 65·1 
~--798 
1.921 
2.064 
2.216 
2.376 
2.536 
2."721 
-~· .• :89.8· 
3 .083 .. 
'3 ... 294 
3.:504 
'. ;Co .. C 
···, ... -. 
0,.141 
. . . . '' . 
.Q:.175 
o.;21.5 
o· •. 2.6·6 .. 
.o._,325 
·o ... 397 
0:. 47.:9 
0.575 
o:.6e9 
·0.:810 
o .• 9.;49 
' ... 
;1:.09:7· 
·1. 257· 
1-.430 
i .. ·5,9·5 
1.:777· 
1.93:3. 
2~106 
2 .• 280 
·.2 .456: 
.2.609 
2 .:791 
2.964 
3.146 
3.337 
3.536 
3.745 
3.980 
4.207 
4.452 
·'.' 
~' -~. ~ ---· -~- - .,_ ---- -------- --.-·"·~---· - _···-------,·------- - ----·· -----·-
1c·· D ':0::• ,.·' 
0 .. :225: 
.o. .:'248 
0.273 
0.299 
0.329 
0.361 
0.393 
o.427 
o .466·. 
Q.5:09 
o·.554: 
0. 595· 
o.,.·64.:3 
o.6:96 
0_ •. 751 
0.:810 
0 .• 866 
0 ... 934. 
1 ... 006. 
'1.·:0@2, 
.· .... - ... 
1.·1:54 
1.-234 
l .. 290 
1.:.407 
1:.499 
i_. 59-5. 
·1.699 
1-.804 
1 .. 917 
2 .:0:3.8 
0.080-
0· .oae 
.o.o:9.$ 
:o .. 1.0.5,. 
() .-.117 
o·.127, 
O .139. 
0 .. 153 
0 .• 167 
.(J.18·4 
:0.200 
0.219 
0.241 
0.264 
0.289 
0.318 
o -3~9 
.0 • .383 
0 .• ::41_8 
o .:4,57 
:0 .•. :5:03 
0.550 
0.603 
0.662 
0.722 
0.789 
o .. 865 
0:.942 
._1 .• -,)3.1 
1..1 .. 22 
........... ·-··-·· -- ···--·--···' .. ,.. __ ._,.. .... __ . _____ -·-~-- .......... -~·· -·~·-· ·~ . 
-
. . ·'..· j 
.. I 
.. ·. i 
TABLE XII - B 
( . 
TREND LINE OF ANNUAL ENERGY REQUimmNTS 
···-··--~- ·~------·--~·-·-~ ·-
--- --- ----- -· . - .. ·--- . --~- (Billion kwh ... per year) ··- -· ··-·-··· __ ------·--·----··------· ----------~··· _ .··-·· .. _ --.. . _ .. _. -·---·----·-
":"=-· --. . I . ·. 
-~1 Co. A Co. B 
Probable Most Probable Most 
-Maximum Probable Maximum Probable 
194o 2.943 2.943 3.717 3.717 
1 3.o86 3.o86 3.945 3.945 
r: 
2 3.21'8 3.248 4.172 4.172 
3 3.419 3.419 4.4o3 4.4o3 
4 3.574 3.574 4.647 4.647 
5 3.774 3.747 4.934 ~ 4.909 
6 3.968 3.940 5.270 5.238 
7 4.183 4.139 5.545 5.5o8 
a·· 4.398 4.346 5.901 5.865 
:9;- 4.625 4.574 6.304 6.271 
:50 4.872 4.803 6.711 6.655 
1 5.139 5.054 7.164 · 7 .070 
2 5.409 5.305 7.617 7.511 
3 5.689 5.569 8.118 7.969 
4 5.986 5.850 8.662. 8.433 
5 6.313 6.123 9.168 8.895 
6 6.648 . 6.462 9.756 9.448 
7 6.991 6.777 10.390 10.000 
·8· 7.362 7.o84 10.982 10.645 .. 
:9. 7.741 7.466 11.702 11.286 
:6o 8.166 7.845 12.420 12.016 
1 8.590 8.226 13.138 12.745 
2 9.014 8.6o6 13.947 13.479 ,, 
3 9.483 9.oo4 14. 715 14.207 
4 9.952 9.476 15.603 14,933 
5 10.421 9.948 16.543 15. 746 
:-•. 
I 
f,. 
t 
, .. 
' 
;;, 
?: 
~1 
2 
;., 
~~ 
~i": t:f 91 yi ~ TABLE XII 
- C t ~ 
!':, 
'i; 
/· 
TREND LINE OF ANNUAL ENERGY REQUIRD1ENTS j 
ii 
it \,I 
(Billion kwh per year) ~ ·:, ,·.:' 
: I ; 
...... 
-~-·---------------··--·---------H-·---·- ----------- -•-••••••••••'-··• ••·---•-••-•- •-•-•-•••••----•--••••••-•--••••••--- -•--•• ., 
.. ., ·--·----- •- ·---- ·-- ··-·-··----·-----------···--· 
. . .. ·, . ,· · . 
,:.,: ' )/~. 
Co. C Co. D ' "' ''-t:: 
-·· . -. Probable Most Probable Probable Most 
Maximum Probable Minimum Max-imum Probable 
194o 4.715 4.715 4.715 2.167 2.l67 
1 4.970 4.97q 4.970 2.297 2.297 
2 5.277 5.277 5.277 2.445 2.445 
3 5.569 5.569 5.569 2.607 2.607 
4 5.892 5.892 5.892 2.771 2.771 
5 6.259 6.249 6.209 2.945 2 945 
6 6.633 6.617 6.549 3.135 3.127 
-7 6.990 6.949 . 6.892 3.335 3.319 
8 7.354 7.337 7.255 3.552 3.528 
9 7.801 7.719 7.630 3.781 3.742 
5.0.- .8.266 8.175 8.071 4.009 3.976 
,1 8.767 .. 8.631 8.469 4.273 4.222 
2 9.261 9.095 8.885 4.566 4.482 
3 9.809' 9.597 9.348 4.850 4.766 
4 10.3o8 10.146 9.810 5 .159· 5.038 
5 10.943 10.692 10.316 5.471 5.346 
6 11.538 11.234 10.791 5.830 5.659 
7 12.109 11.869 11.282 6.190 5.997 
8 12.869 12.452 11.786 6.566 6.342 . 
9 13.491 13.169 12.336 6.976 6.712 
6o 14.294 13.798 12.930 7.378 7.073 
1 15 .096 14.6oo 13.521 7.799 7.498 
-2 15.895 15.315 14.158 8.262 7.914 
3 16.696 16.120 14.793 8.766 8.363 
., 4 17.584 16.925 15.430 9.270 8.846 
5 18.650 17.816 16.153 9.774 9.355 
I 
·.,:t . 
• 
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TABLE XII - D 
TREND LINE OF ANNUAL ENERGY RF,QunmMENTS 
(Biilion kwh per year) 
. . 
. ··:-:-::-:-.::--.. ·- - . - . . . . . -----·----·------------------··-··----4-•·----·--····- ······---·--····--···-·······-··-·-······"·····-·-·-········-·····"····- ........ -- ·--- --·-·-·-··--"'·····----·l--.-·--···--·-·········-·······--·-··--·----·-------- . -- .. . . . - - . - -- ·. ... . . 
194o 
l 
2 
3 
4 
.5 
6 
7 
a. 
9 
50 
-1 
2 
3. 
4 
5 
6 
7 
8 
9 
6o 
1 
2 
3 
4 
5 
. ' 
Probable 
Maximum 
1.223 
)..333 
1.451 
1.587 
1.739 
1.912 
2.o85 
2.270 
2.46o 
2.652 
2.847 
3.063 
3.3o8 
.3.576 
3.847 
4.144 
4.452 
· 4.816 
5.217 
5.657 
6.038 
6.593 
7.137 
7.704 
8.306 
8.930 
. ' 
Co. E 
Most 
Probable 
1.223 
1.333 
1.451 
1.587 
1.739 
1.905. 
2.078 
2.258 
2.436 
2.622 
2.805 
3.004 
3 .224 . 
3.465 
3.707 
3.969 
4.255· 
4~556 
4.898' 
5.250 
5.599 
6.033 
6.463 
6.925 
7·.410 
7.912 
Probable 
Minimum 
. 1.223 
· . 1.333 
1.451 
1.587 
1.739 
1.905 
2 .• 071 
2.242 
2.413 
2.591 
'2. 765 -
2.940 
3.136 
3 .346 · 
3.562 
3.791 
4.052 
4.290 
. 4.599 
4.844 
5.150 
5.479 
5.787 
6.168 
6.512 
6.899 
:.-.: 
TABLE XIII-A 
DEVIATION OF ENVELOPES FR<l1 TREND LINE 
(Per Cent) 
·-·---
....•. ---·- ..... '. ·--··· 
---
. .. . '. w. . . .. • .. 
. . 
Co. A Co • B Probable Most Probable Maximum 
. Probable Maximum Trend Line Trend Line Trend Line 
1910 12.65 12.65 18.69 
: •••• • • • • • • • • • • 
• •••• • • • • • • • • • • • • • • 
• ••••• 
1935 12.65 12.65· 18.69 6 12.64 12.64 18.69 7 12.61 12.61 18.69 
.a 12.57 12.57 18.69 
.. 9. 12.54 12.54 18~72 
4o 12.47 12.47 18.91 1 12.44 12.44 19.14 2· 12.38 12.38 19.61 
' 
:3 12.28 12.28 20.12 ::4 12.20 12.20 20.51 ·5, 12.08 12.08 20.59 
.. 
6: 11.91_ 11.90 20.30 7· ll.64 11.62 19.93 8 ll.41 11.37 · 19.47 9 ll.14 11.06 18.97 
50 10.84 10.76 18.46 l 10.53 10.41 17.95 2 10.18 10.08 17.50 3 9.86 9.71 17.02 4 9.59 9.4o 16.6o :5 9.30 9.10 16.16 
.. 
'6 9.06 8.85 15.82 1 8.85 8.6o 15.50 :-a; 8.67 8.41 15.19 9 8.51 8.22, 14.94 
6o 8.37 8.09 14.73 :l 8.27 7.95 14.55 2 8.17 7.83 14.36 3 8.07 7.73 14.17 4 8.02 · 7.64 14.08 5 7.96 7.56 13 .9·5 
.•· 
\ 
\ 
J 
Most 
Probable 
Trend Line 
18.69 
• •••• 
. ..... -
18.69 
18.69 
18.69 
18.69 
18.72 
18.91 
19.14 
19.61 
20.12 
20.51 
20.59 
20.27 
19.82 
19.35 
18.80 
18.26 
17.68 
17.16 
16.70 
16.21 
15.80 
15.36 
. 15 .oo 
14.61 
14.30 
14.01 
13.77 
13.51 
13.32 
13.17 
13.04 
93 . 
• I 
. , 
·'· 
TABLE XIII-B 
DEVIATION OF ENVELOPES FR01 TREND LINE 
(Per Cent) 
Co. C co·~ D 
Probable Most Probable Probable Most 
Maximum Probable Minimum Maximum Probable 
.. : :· Trend Line Trend Line Trend Line Trend Line Trend Line 
~ . . 
1910 15.37 15.37 15 .37 . · 24.77 24.77 
. .. . . • • • • • • • • • • • • • • • • ••••• ..... -
• • • • • • • • • • • • • • • • • • • • • • • • • •••• 
1935 15.37 15.37 15.37 24.77 24.77 
6 15.37 15.37 15.37 .. 24.77 24.77 ~ 
24.72 24.72 7 15.33 15.33 15.'33 
8 15.28 15.28 15.28 24·~67 24.67 
9 15.23 15.23 15.23 24.63 24.63 
40 15.16 15.16 15.16 24.6o 24.6o 
1 15.09 15.09 15.09 24.51 24.51 
2 15.02 15.02 15.02 24.40 24.4o 
3 14.92 14.92 .14.92 24.27 24.27 
4 14.85 14.85 14.85 24.14 24.14 
··, 5 14.81 14.74 ·14.67 · 23 .94 23.94 6 14.58 14.55 14.52 23.76 23.76 
7 14.45 14.4o 14.33 23 • .54 · 23.53 
8 14.30 14.22 14.13 23.31 23.30 
9 14.09 14.oo 13.89 22.98 22.93 
·50 13.84 13.76 13.62 22.72 22.54 
1 13.61 13.54 13.35 22.4o 22.21 
2 13.38 13.25 13.11 21.99 21.82 
3 13.16 13.06 12.86 21.65 21.44 
4 13.02 12.85 i2.64 21.34 21.18 
5 12.86 12.70 12.45 21.00 20.83 
6 12.77 12.60 12.31 20.75 20.52 
7 12.73 12.50 12.13 20.52 20.23 
8 12.67 12.43 12.00·. 20.32 19.99 
9 12.65 12.39 11.87 20.12 19.79 
6o 12.63 12.34 11.76 19.95 · 19.61 
1 12.62 12.32 11.68 19.89 19.50 
2 12.61 12.30 11.6o 19.83 19.41 
3 12.60 12.28 11.54 19.78 19.34 
4 12.6o 12.26 .... ~# * 11.47 -,,-19. 74 19.26 
5. 12.6o 12.26 11.43 19.71 19.19 
'."). 
..... 
1910 
•••• 
• • • • 
1935 
-·!'• 
6 
7 
8 
9 
4o 
1 
2 
3 
4 
5 
6 
7 
8 
st 
5·0 : :· .. ·· .. · .-: 
·1 
2 
3 
4 
5 
6 
1 
8 '• 
9 
60 
1 
' I 2 •,,,, 
3 
4 
5 
TABLE XIII-C 
DEVIATION OF ENVELOPES FRCM TREND LINE 
·. (Per Cent) 
Probable 
Maximum· 
Trend Line 
12.50 
• •••• 
.. . 
• •••• 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.61 
13.17 
14.26 
15.22 
15.92 
16·.12 
16.10 
15.91 
15 .28 
14.82 . 
14.42 
14.15 
13.96 
13 .85 
13.70 
13.64 
13 .59 
13.55 
13 .55 · 
13.55 
13.55 
13.55 
13.55 
13.55 
~ i' ' 
Most 
Probable 
Trend- Line 
12.50 
• • • • • 
• • • • • 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.61 
13.17 
14.26 
15.22 
15.90 
16.oB 
16.oB 
15.64 
15.04 
14.61 
14.14 
13 .80 · 
13.41 
13.05 
12.81 
12.55 
12.25 
12.00 
11.77 
11.59 
11.42 
11.26 
11.oa 
10.83 
Probable 
Minimum 
Trend Line 
12.50 
• •••• 
• • • • • 
12.50 
12.50 
12.50 
12.50 
12.50 
-12.50 
12.50 
12.61 
13.17 
14.26 
15.22 
15.74 
15.88 
15.6o 
15.1'6 
14.82. 
14.32 
13.74 
13.18 
12.69 
12.16 
11.65 
11.17 
10.74 
10.18 
9.61 
9.22 
8.78 
8.30 
7.82 
7.36 
' 
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TABLE XIV :..A;; .. 96 
.. DEVIATION OF ACTUAL ANNUAL ENERGY REQUIREMENTS FROM 
·-·-----··········-······-------····--·--'-C-'-'''-'·-···--"''··'----·-'--~--.:···----:-.. ·.-·,·-----···-···----···TRmro·· ··t·INE·······IN····pm··-e-EM--·oF···nEVIATioN··-·OF······ENVELOP-ES··--- -·--·'·····-· ______ _'._~."--··"·-:,:::·--··''···· 
. '\ .. ,.~,~~ .. > <· 
·:-.. 
. Co. A ·co. B Co. C -Co. D Co. E· .. 
-
1:910- 25.00 · ... 18.52 - 71.43 -100.00 - 30.00 
1 39.29 - 27.87 -100.00 - 70.49 - -54.55 
2 24.24 23.88 2l.-21 58.82 41.67 . - - -
3: .- 7.69 - 18.42 29.26 
·. 
- 52.70 - 30.77 
·4 
- 65.72 - 33.73 - 46.oo - 57.31 - 80.00 
5 .. -100.00 17 • .39 83.61 ·- .. 56.67· -100.·oo - -
6: 24.59 42.16 14.86 o.oo -100.00 
7 100.00 100.00 100.00 66.98 68.42 ' -
·8·: 100.00 84.68 66.98 94.83 . 47.61 
9 22-.83 42.34. - 0.81 30.95 82.61 
~ 
20· . . -· 39.81- 4'7,i~ 42.47 · 100.00 100.00 
l .. ;, -100.00 _59-.28 : 76.92 ·1:6.89. -66.67 ~- - -~· 
:2.- 69.92 28.96 . -,-100.00 8.81 33.33 :··1 - -· 
.,.; ll.94 67.27 41.28 
.3.· - ll.03 - - 15.15 
4 53.69 5.94 64.49 19.89 8.33 ' .- :_:. - - -
..• 
.. 
.5 4.29 29.71 49.08 33.33 2.50 - -
6 42.61 55.56 - 3.03 "' 42.33 .2.27 
·7· 100.00 63.51 ~ 3.10 29.31 o.oo 
;8· 100 •. 00 74.03 12.82 43.78 13.46 
,9 100.00 100.00 100.00 58.58 5.26 
t •. 
. 
:so 93.30 70.47 55.61 24.83 1_.59 
1 9.79 27.72 - 9.32 - 30.39 - 18·-.-84 
2· 87.85 43.00 80.88 -100.00 54 .• 67 ::·. ·: - - - -
.. ' 
:3: 76.13 96.28 . . --100.00 - - 91.30 - _;..·100.00 
4 - 82.12 - 84.39 ·-100.00 - 90.57 ·- 35.56 
·,. 
- 93.08 88.98 - 86.19 - 58.73 - 35.·.~51 ... · -
,6: 31.15 67 .53 . 53.91 17.10 49.-08 - - - - ·-
·7 .... 83.18 - 58.33 . - 57.21 2.24 - 63.-56 
-a-
-100.00 -100.00 86.oo 63.85 62.,·79 . ' - - -
:9 - 64.69 - 77.59 - 61.71 - 11.75 ·~ 57.86: 
,. 
-····· 
• • I 
. 
'·, 
, . . -
:·19.40: ·.:. · 
l 
2 
·3.; 
.i4. 
.5.: 
--6: 
'• =7· 
.• '8-. 9: 
5-0 
1 
.2· 
:3' 
4 
:5 
6" 
7· 
·8 
·9·. 
6_.(): 
97 
TABLE .. XIV-B 
DEVIATION OF ACTUAL ANNUAL ENERGY REQUIREMENTS 
FROM TREND LINE Ill PE"q CENT OF- DE~QN OF ENVELOPES s - • - -··· --·-· -· l' ,_ ·•··· .... - ····~. . - ·-· - -···-·. 
Co. A 
Probable Moet 
Maximum Probable 
Trend Line Trend Line 
- 42.12 
32.29 
50.25 
100.00 
81.92 
19.30 
- 33.83 
3.70 
44.82 · 
- 27 .57 
34.72 
64.94 
53.99 
51.34 
- 15 .50 
41.30 
64.23 
45.79 
- 19.72 
- 12.88 
- 42.12 
32.29 
50.25 
100.00 
81.92 
25 .39 
- 28.21 
12.86 
55.40 
- 17 .98 
48.84 
b3.0S 
75.28 
75 .28 
8 .55 
77 .56 
100.00 
85 .25 
25.50 
30.94 
10.71 
Co. B -
Probable 1"ost 
Maximm Probable 
Trend Line Tren~- Line 
- 56.90 
- 5.56 
18.07 
100.00 
76.42 
- 0.59 
- 45. 70 
- 23.44 
- 26 .46 
- 50.54 
- 12.68 
2.41 
9.68 
14.91 
- 0.28 
25.56 
33.57 
39.o4 
33.35 
58.76 
51.28 
.: .. :. ::·~ 
- 56 ~ 90 
- 5 .56 
18.07 
100.00 
76.42 
3.07 
- 43.03 
- 20.31 
- 23.61 
- 48.73 
- 8.31 
9.99 
18.25 
42.64 
16 .45 
46 .40 
56 .89 . 
67 .98 
57.39 
·89_.34 
7.9 .• 6_3 
-
' . 
. , .. 
. i •• 
'4 •• r 
i' TABLE XIV-C 
DEVIATION OF ACTUAL . .ANNUAI! ENERGY REQUIREMENTS 
FROM TREND LINE IN PER CENT OF DEVIATION OF ENVELOPES 
G ...... •··.. . .. . . . .·.. . .... . 
I. . . Co. C Co. D 
Probable Most Probable Probable Most 
·Maximum Probable Minimum Maximum Probable 
Trend Line Trend Line Trend Line ·-._, Trend Line Trend Line 
1940 - 43.78 - 43. 78 - 43.78 17.46 17.48 1 5,33· 5.33 5.33 57.47 57.47 2 42.42 42.42 42.42 86.43 86 .43· 
3 92.43 92.43 92.43 100.00 100.00 
.4 . 100.00 100.00 100.00 84.73 84.73 5· 49.57 50.49 55.02 43.26 43.64 6 8.~ 9.75 17.03 
- 6.58 - 5.53 
·7 14.05 18.28 24.29 20.10 21.67 8 21.11 · 23.18 31.61 ·36.00 39.54 
.9 - 15 .57 - 9.54 - 1.32 5. 76 10.27 
50 8 .. 64 . 16.87 26.78 31.54 35.75 l 19.03 31.11 46.50 38.49 44.72 ' . 12.63 26.97 45.92 6.88 15 .93 2 
3 11.44 28.86 50.79 26.95 37 .15 (' 4 
-
12.72 0.69 26.12 2.82 13.81 
5 15.24 34 .32.._ 65.58 27.50 · 39.62 6 14.48 35.83 7·1.21 24.1'6 40.22 
7 4.02 20.48 65 .03 . 27.82 44.89 
.8 
- 38.87 - 14.01 31.78 
-
6.68 10.65 
9 - 14.17 4.90 62.36 - 20.21 
- 1.51 .,. 
·6:0 
- 37.13 ·- 10.28 45.59 - 5.84 15.8Q 
-~:: 
,,_. 
...... 
....... --.-..... - .. ~ 
.,.. 
'·• . 
. .... •' . 
. . ._ t··~~:?;; : ~ . _ .. 
I 
I 
. ' i 
I 
·11 1, 
I 
II 
I 
1 
II 
I 
I 
''.i 
I . ;,.-, 
- ----- ___ . - - -- -·---~--·----- :·._ -- - ---
194.0: 
1 
\ 2 3 4 
5 
6 
7 
·.8 
. ·9 
:5"0 
·1. 
2 
3' 
:4. 
.5. 
6·:· 
·7 ,.• 
:8· 
:9" 
:6.o 
TABLE XIV-D 
DEVIATION OF ACTUAL ANNUAL ENERGY REQUIREMENTS 
FROM TREND LINE IN PER CENT OF DEVIATION OF ENVELOPES 
. . ·~ ... ' 
,n> ~. Co. lE 
• .. Probable Most Probable 
Maximum Probable Minimum 
Trend Line Trend Line Trend Line 
- 52.94 - .52.94 - 52.94 
5.99 5.99 5.99 
78.80 
-78.80 78.80 
100.00 100.00 100.00 
58.70 58.70 58.70 
- 6.53 -. 4.14 
-
4.14 
59.09 49.38 57 .31 - - -
61.75 58.95 ..• .. 55.46 - - -
- 70.78 - 66.07 ==·61.10 
-
84.52 
- 79.08 - 73.32 
- 77.98 - 70.78 - 62.93 
- 52.98 - 41.23 - Z"(.86 
- 49.16 - 33.11. - 14.62 
- 63.44 - 44.03 - 20.63 
- 75.23 - 53.12 - 26 .33 
75.96 50.29 18.00 - - -
-
83.82 
- 57.98 - 23.74 85.67 52.89 7.50 - - -
-100.00 
- 65.05 - 18.62 
- 74.44 - 26.03 40~99 
~ 
- 76.53 - 28.38 52.40 
. .; 
...... ;:.~' 
·99 
I 
... 
• • • ,._ __ •' • - ~ •• _: • ·• .. --- • •_ • • -• • • -. •' ." -··· • - •·• .• .,·~--• •'-.'..:. • .:.........,_-',::.....,..:.,...:. ........ _____ • -,.,---·--·-~·,:---:••·:,-·-·-,--.:_ • .--......... _~.,- --,.:::.~ --:----- .!"'.~'-----c-•·r• ___ __...._ :__.. __ -· • • 
I 
i( 
II 
ii 
. II 
d 
I 
-i 
I 
- I 
-I 
I 
I 
I 
II 
I 
I 
--, 
TABLE XV-A 100 , . 
~-
PROBABILITY LOAD WILL BE. EQUAL. TO OR SMALLER THAN VARICUS LEV
EIS 
Deviation of 
Load from 
Trend Line Co. A 
Co. B 
in Per Cent Probable Most Proba
ble, Most 
of Deviation Maximum Probable Maximum 
Probable 
of Envelopes Trend Line Trend Lirie Trend 
Line Trend Line 
-100 0 0 0 
0 
- 95 0.085 . o.o85 0.018 
0.018 
- 90 0.103 0.103 .,0.030 r _'"_" ____
 
_O.Q30
1 
- 85 0.120 . 0.120 
o.o44 o.o44 
- 80 0.136 0.136 o.~o 
o.~o 
- 75 0.151 0.151 0.078 
0.078 
- 70- 0.166 0~166 0.097 0.0
91 
- 65 0.181 0.181 0.117 0
.117 
- 60 f· ; 0.196 0.196 0.138 . 0.1
38 
- 55 0.211 0.210 0.160 0.160 
-
50 0.227 0.224. · 0.183 
0.183 
- 45 0.244 0.237 0.207 
0.207 
-
40 0.263 0.250 0.232 0.232 
- 35 0.284 0.263 0.259 
0.259 
-
30 o.3<X> 0.277 o.288 o.288 
- 25 0.328 0.291 0.319 
0.319 
-
20 0.350 o.3ex5 o. 352~~ 0.352 
- 15 0.373 0.322 0.:/37 
o.~5 
-
10 0.396 0.339 o.423 o.417 
- 5 o.419 0.358 o.459 
o.447 
.o· o.442 o.·378 0~493 o.474 
5..; . . o.465 o.401 0.525 o.499 
. , o.489 o.427 1.0 0.555 0.522 
15 0.514 o.457 0.584 0
.542+ 
20 · 0.540 o.490 . 0.613 0.566 
25 · 0.568 o·.526 · o.642 0.58
8 
30 0.599 0.562 0.671 
0.612 
35· 0.633 0.595 0.700 · 0.637 
40 0.673 0.625 0.728 . 0.663 
.. 45 .o. 718, 0.553 0.756 
0.690 V I 
. 50 0.755 0.679 0.783 
0.718 , I 
0.783 
' 0.810 0.747 ·~ 55 0.703 
60 0.803 0.725 0.835 · 0.776 ·~ 
65 0.820 0.746 0.858 0
.805 
I 
I 
70 o.834 0.766 0.880 0.834
 
-· 
75 o.845 0.785 0.900 
0.862 
-----
- :80 0.856 0.803 0.917 0.889 
;" 
-· -8·5 0.865 0.820 
-----
-- .- 0.931 0.912 
:90 0.874 0.837 0.941 0.930 
.9.5· 0.882 0.857 0.950 
0.945 
:1.0.0· 1.000 1.000 1.00
0 1.000 
. t~.:tJff:j\'.!;\1{~'.;~nt~~~,.SF,OO,.,~JJ')!';fjj.~~~Mze,·=~~t~)lt.r".Jr!-'Ja:t«1::..o~-,;\o-~~t::'t-..;M-r~--• .,,.,r',t~.\.,,:wre ... m.m~•:..,~~--...--;,.·;.i--.i"J.'i ... .,._.. .. _ .... ~.,W;!,,,...(.r,,....,. ... ,.,.,.,._~~,, ...... , .... .:.:.;;.-,M'\"!'.·'l;l-,#,.°N~ .. ,:::,.~,!h~i·«~.-.:,;,,-,'!'i~.: .. -~7.-a,,.'.-,1",,~·~1f,~.:,x~ .. ~~.~,!;'11'~..(,"';t.W;.}jr<l.t.4J'jf.'l'·i""fi~t:~'l;~t'"fl"t;~W.Yie..'Yl-1i);t,.--S,rJ1;w,1;J,:.\r.~.(.'+\~i.~);/1,.'.~¢;'.1,;~~~~\i/;rn"t~:.~.J-'l-1':,irli1.'1~~~)WjJ~~~n~~· .• ~ ·, . .. ~~-" ~ 
-·1,,' 
:.. ... : 
TABLE XV-B 
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PROBABIL~ , LOAD WI~ BE EQt.!AL TO OR SMALLER THAN VARIOUS LEVEI.S . 
Deviation·of 
Load from 
Trend Line Co. C Co. D 
in Per Cent Probable Most Probable Probable Most 
of Deviation Maxjmum Probable Minimum Ma.xirmun Probable 
of Envelopes Trend Line Trend Line Trend Line Trend Line Trend Line 
-100 0 0 0 0 0 
- 95 0.059 0.059 0.059 0.048 0.048 
~.::!· 90 0.087 o.o87 o.o87 0.059 0.059 ·r,c -:·1 
~\ 85 0.115 0.115 0.115 0.070 0.070 } -
( ii - 80 0.143 0.143 0.143 o.o81 o.o81 <· 
,, 
75 0.171 0.171 0.170 0.092 0.092 ·' -
' 
-. 70 0.199 0.197 0.195 0.104 O.lo4 r!. .. 
,. 
- 65 0.226 0.221 0.218 0.116 0.116 r= 
.~}: 60 0.253 0.244 0.239 0.128 o.128 (" -
;·• 
0.279 0.265 0.258 0.141 0.141 t - 55 
- 50 o.3o4 o.284 0.274 0.155 0.155 
- 45 0.327 0.301 0.289 0.169 0.169 
-
40 0.348 0.317 0.303 0.184 0.184 
- 35 0.367 0.332 0.317 0.201 0.200 
- 30. 0.385 0.347 0.330 0.220 0.217 
- 25 o.4o4 0.363 0.343 0.241 0.235 
'.I - 20 o.424 0.379 0.356 o.264 0.254 
- 15. o.446 0.397 0.370 0.289 0.274 
-
10 o.471 o.419 0.385 0.317 0.295 
- 5 0.501 o.445 o.402 0.347 0.319 
·~ 
Q 0.537 o.476 o.422 0.380 0.346 
·5 0.581 0.512 o.445 o.416 0.376 · .. 
io 0.635 0.553 o.472 o.456 o.410 
.15· 0.700 0.599 0.504 · 0.501 o.448 
20 0.757 o.649 · 0.541 0.550 o.492 
25 0.800 0.701 0.582 0.603. 0.542 
- 30 0.830 o. 753 0.625 0.65'9 0.598 
./ 0.855 o.668 0.716 0.659 ,: 35 .o. 797 
40 0.873 0.830 0.709 0.768 0.721 
45. o.886 0.855 0.747 o.808 0.780 
·' 
:50: 0.895 0.873 0.781 0.835 0.822 
.. ; 55 0.901 0.887 0.813 0.857 0.852 ' :• 
--·· 6:o. 0.9()5 0.898 o.841 0.875 0.874 
~ 6.5: 0.911 0.907 o.866 0.891 0.891 
C 7·0· 0.916 0.915 0.887 0.905 0.905 ,< iC 
~;~· 
-·-···- ··- ·:: 75: 0.921 0.921 0.905 . 0.917 0.917 ,,. . . ~", I 
-~'>.·. 80 0.926 0.926 0.919 0.928 0.928 :r ff 
~- 8·5 0.931 0.931 0.929 0.938 0.938 I: 
!f.¥ 90· 0.936 0.936 0.936 0.947 0.947 t -~~, 
,9.·5 0.941 0.941 0.941 0.956 0.956 
·' 
. 100 1.000 1.000 1.000 1.000 1.000 , .,. . . ; 
~ 
,. 
I I,, 
I t· ..• ,, 
·' .. 
..... 102 
TABm XV-C 
PROBABILITY LOAD WILL BE EQUAL TO .OR SlWJER THAN VARIOUS LEVELS 
Deviation of 
Load from 
Trend Line \. Co. E 
in Per Cent Probable Most Probable .. . . .. 
of Deviation Maximum Probable Minimum 
of Envelopes Trend Line Trend Line Trend Line 
-100 0 0 0 
- 95 0.072 0.050 0.050 
- 90 o.o89 0.054 0.053 
- 85 0.114 o.'64 0.058 
- 80 o.147 o.oao o.ciJ7 
- 75 --- ·--···-- -- -- --------- 0.198 - - - ---- -·· . --- ·----~- .... 0.102 o.os1 
- 10 0.262 0.133 0.102 
- 65 0.321 0.173 0.134 
,i.. 
- 60 0.376 0.234 0.179 
- 55 o.425 0.317 0.227 
- 50 o.469 0.391 0.275 
- 45 0.507 o.451 0.322 
- 40 0.540 · 0.500 0.367 
- 35 0.570 0.542 o.411 l 
- 30 0.598 0.579 o.453 
- 25 0.624 0.612 o.493 
\, 
- 20 o.649 · o.642 0.532 
- 15 0.672 0.6(?9 0.568 
-
10 0.694 0.693 0.603 
-· 5 0.715 0.715 0.636 
::O 0.735 0.735 0.667 
.. 
0.754 -~ 0.754 0.695 ·5: 
10 0.772 0.772 0.722 
15 0.789 0.789 0.746 
20 0.805 0.805 0.768 
25 0.821 0.821 0.788 
30 0.836 0.836 0.807 
35 0.850 0.850 0.824 
40 0.863 0.863 o.84o 
45 0.875 0.875 0.855 
50 0.887 0.887 0.869 
55 0.897 0.897 0.883 
60 0.907 0.907 0.896 
65 0.917 0.917 0.909 
70 0.926 0.926 0.918 
. - ,, ·. . .;... ., .. ". ·-·-· 
· 75 0.934 0.934 0.928 
80 0.942 0.942 0.938 
85 ' 0.949 0.949 0.947 
'·\··:' ·.• 90 0.956 0.956 0.955 
95 0.963 0.963 0.963 
100 1.000 1.000 1.000 
J 
TABLE XVI-A 
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PROBABILITY LOAD WILL BE WITHIN 2.5 PER CENT OF VARIOUS LEVEIS 
Deviation of 
· Load From 
Trend Line 
in Percent of 
Deviation 
of Envelope 
- 97.5 
- 92.5 
- 87 .5 
:~: 8.2 .5, 
- 77.5 
~ 72.5 · 
- 67.5 
- 62.5 
- 57.5 
- 52.5 
- 47 .5 
- 42.5 
- 37.5 
- 32.5 
. - 27 .5 
- 22.5 ; 
- 17 .5 
- 12.·5 
- 7.5 ,. 
.- :2 ,!t 5 
·2:.5 
·y··:.5 
12·.5 
·17 .5 
22.5 
27.5 
32.5 
37.5 
42.5· 
:47 .5 
52.:.5· 
57 /5 
. 6·2.5: 
:67 .• :5 
7.2). 5 
77.!5 
82.5 
87 .5 
92.5 
97.5 
Probable Most 
Maximum Probable 
Trend Line Trend Line 
0.085 
0.018 
0.017 
0.016 
0 .• 0·15 
0,.01.5 
.· <)_. 01.5 
.9·.015 
:·0 .•. 015 
C>.Olb 
0.0.17 
;o·.:o:i9· 
0.:021 
.0.: .•. 022 
:0 •. 022 
0 •. 02·2: 
0.023 
·0.:023 
:0 •. 023 
·:·o.·023 
. :Q .0.23 
·0.,024 
0.025 
0.026 
0.028 
0.031 
0.034 
0.040 
0.045 
Q .• Q37· 
Q.:.p2B: 
0 •. 020 . 
~)/017 
0 •:'014 
0.011" 
0 •. 011 
0 •. 009 
0.009 
0.008 
0.118 
1.000 
0.085 
0.018 
0.0.17 Q .• 016 ,:.''i 
Q;.015 
0.:015 
0.015 . 
0.015 
0.014 
0.014 
0.013 
o.·013 
b·.013· 
0.014 
0.014 
0.015 
·,,~, 0 .016 
0.017 
0.019 
0.020 
0.023 
0.026 
0.030 .~ 
0.033 
0.036 
0.036 
0.-033 
0.03.0 
0.028 
0.026 
0.024 
0.022 
. o.b:2J-. 
0·.020 
.o .• ·QJ-9· 
()'.01{} 
o .• •-017· 
0.017 
0.020 
0.143 
1.000 
Co. B 
Probable Most 
Maximum Probable 
Trend Line Trend Line 
0.018 
· 0.012 
0.014 
····-··0.016 
0.018 
0.019. 
.0.020 
0~021 .·-
.Oi022 
0·.023 
.Q\~024: 
0~0·25 --
o=.0.27 
''. 0 •• 029 
·0·.~031.· 
0.033 
0.035 
.·0.0·3·6 
\J:.oi6 
,a-~034-
0 .• 03-2 . 
0:.0:30 
.0 .()29 
·b:.0.2·9 
:0-.029 
·0 .• 029 
0 .• 0·29 
·o-• .ci28 
-O;-.,Q.2.8 
0,~_:027: ·. 
{).027 
.0.025 
0.023 
0.022 
0.020 
0.017 
- o .614 
0.010 
0.009 
0.050 
1.000 
0.018 
0.012 
0.014 
.(). 016 
0.018 
0.019 
0.020 
0.021 
0 .• 022 
0.023 
0.024 
0.025 
0.027 
0.029. 
0.031 
o •. d33 
.0. 033 
(). 032 
0.030 
0.027 _ 
0.025 
0.023 
0.022 
0.022 
0.022 
0.024 
0.025-
0.026 
0.027 
0.028 
0.029 
0.029 
0.029 
0.029 
0.028 
0.027 
0.023 
0.018 
0.015 
0.055 
1.000 
. . 
. ·.: 
tl*' .. 
1o4 TABLE XVI-B 
PROBABILITY LOAD WILL BE WITHIN 2. 5 PER CEJ'[T OF VARIOUS LEVELS 
Deviation of 
Load From 
~rend Line 
-'in Per Cent of 
· Deviation 
of Envelope 
-.97.5 
- ·92.5 
- 87 ~5 
~ 82.5 
. - 77 • .5 
- 72.5 
·- 67 .5 
- 62. 5 · 
· ·~ 57· .. 5 
.. - 52.5 
-_47.5 
· .-· 42.5 
· · - ,37.5: 
' . . . . . 
- 32.5 
~. Z7:.5 
- 22 .• 5 
'·~ ·17 .• 5 
~·: 12· .·5 
· !"' '7··· 5. 
- 2:·. 5 ... 
2_:.5· 
7 .. ·5 . 
· l~{:.-5 
17 •. :"5 
22.5: 
. . . 
·27~:5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77 .5 
82.5 
87 .5 
92.5 
97.5 
Co. C 
Probable Most Probable 
Maximum Probable Minimum 
Trend Line Trend Line Trend Line 
0.059 0.059 0.059 
0.028 0.028 0.028 
0.028 0.028 0.028 
o.,02f3 0.028 ~ 0.028 
0.02.8 .0.028 0.027 
·0 .• 028' 0 .• :026 0.025 
0.027 - :0.024 0.023 
0.027 o.oa3 0.021 
0.026 0 .• 02·1 0.019 
0.025 ·0.0.19·:. 0.016 
0.023 0·.017 0.015 
0.021 0·.016 0.014 
0.019 o·.015: 0.014 
0.018 .0 .•.. 015: 0.013 
0.019 o.·016 0.013 
0.020 O .• :Ol6· 0.013 
0.022 0 .• 018· 0.014 
0.025 '.Q.022 
.. 
0.015 
0.030 ().0_26 0.017 
0.036 Q.:.:031 0.020 
0.044 0.036 0 •. 023 
0.054 ·:0.041 0.0:27 
0.065 Q.046: ·0.03:2. 
0.057· 0.050 :0.037 
0.043 0.052 ·Qi.041 
0.030 :0.05'2 o_ •. 043 
0 •. 025 .. 0.044 :0 .• :043 
0.018 Q.033 () .:041 
O.Q.13. ·0.: .• :0~5 . . .: Q.{)38. 
·b .• 009 :0.018 0.'034 
0.006 0.014 0 .• 03.2 Q:.005 0.-011 . 0 .• 028· 
.o:~005 0.009 ·0.:025. 
.0 .... 005 0.008 0.021 
.0 .•. 005· 0.006 O: •. '(Jl:8: 
(}.·005. 0.005 .o ... 014 
:6 .:005· 0.005 o.·010 
0.005· 0.005· 0.007 
0.005 ·0.005 0.005 
0.059 0.059 0.059 
1.000 1.000 1.000 
Co. D 
Probable Most 
Maximum Probable 
Trend Line Trend Line 
0.048 0.048 
0.011 0.011 
0.011 · 0.011 
0.011 0.011 
0.011 0.011 
0.042' 0.012 
:0 .• 012 0.012 
.' 
:0:.:012 Q .• Q.12 
. 
0.013 0.013 
0.-014 ·0.014 
0.014.' 0.014·. 
0.015 ,Q.,015 ·-.~ . 
o.oi7 . o·.0.16 
0.019 0 .0.1.1 
0.021 0 .• 018 
Q·.:Q.~3 ·,·o·.019 
. 0 •. 0.2:5 ·0':··020: 
. 0-.028 .. ·o ... 0·21 
0 ..•. 03;0 :Q: •. 024 
·o·. 03.3. o.·027 
-
'0:·~036 0.030 
:0.040 0.034. 
o.·045 o·.038 
0.049 o:_.o.44 
.o·.053 o:ro50 
·O .·05·6 :0 .• 056 
•0:.057 .{).:Q61 
:o Ii 05..2 :0.062 
.. ..q .•. Q40 
·0.·059 
Q.027 0.042 
·0.:022: 0.030 
·0 •. 018 . 0.022 
o·.016 0.017 
·0 •. 014 0.014 
0.012 0.012 
:o·.011 0.011 
0.010 0.010 
0.009 0.009 
0.009 0.009 
0.044 o.o44 
1.000 1.000 
;: ! 
; 
. L 
I' 
11 
. I 
" 
J 
'( 
. ii 
ii 
'111 
.j 
'.-··· 
........... 
-,;r.~--·-·-· -·""'--·--·--· ·-( 
TABLE xvI~c 
\ 
PROBABILITY LOAD,WILL BE WITHIN 2.5 PER CENT OF VARIOUS LEVEIS 
Deviation of 
Load From 
Trend Line 
in Per Cent of . 
Deviation 
of Envelope 
- 97 .5 
- 92.5 
- 87 •:-5 
- 82.~-.:5: 
·- 77.5. 
-~ 72 .5 
... .67 .5 
-~- 62 .·5 
-~- 57. 5 
- 52.5 
- 47.5 
- 42.5 
- 37 • 5 -
- 32.5 
- 27.5 
- 22.5 
- 17 .5 
- 12 .,5· 
.~: 7- ·5-.. . .• 
- 2 •. 5 
;. 2 .... 5: 
7.5 
12.5 
. 17 .5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
·. 
Co. E· 
Proba.ble Most Probable 
Maximum. Probable Minimum 
Trend Line Trend Line Trend Line 
0.072 0.050 0.050 
o·.017 0.004 0.003 
0.025 0 .. 010 0.005 
0.033 0.016 ·O •. 009 
0.051 0-.0·22 ·(}.014 
0.064 0.031 0 .• 021 
0.059 0.040: o·.03:2 
0.055 0.061 0.045 
0.049 0.083 0.048 
·O.~d,44 0.074 0.048 
.·0.038 0.060 0.047 
o._.=033 0.049 0.045 
Q._.:<).30 C 0.042 0.044 
0 .• :028 0.037 0.042 
0.026-· 0 .• 0.33 o-.04:o 
:0.025 0.030 0 .• 039 
0.-:023 0.--027 o·· .• 036. 
0 •. 0.22-; ·-0~_024 0.035 
0: •. 021 :0.:022: 0.033 
.0 .• '020 0.02.0 0.031 
o·.019 .0'~019 0.028 
·~ 
0-.~018 .o··.018 0.027 
.0:.017 0:.017 0.024 
:o·.016· 0.--01.6 0.022 
o .. oi"6. 6 .. 016: 0 .()20 
:0~015 0.015 ·0 •. 019· 
·o·.014 o.:oi4 :0.:-011 
.o .013 0· •. 013_ :o .• ·016 
; 
. 
---0.012 0.0:1,2 ·:Q.015° 
0.012 ·0 ... :0.12 :.d.Q14 
0.010 .0 .• 010 0.:.014 
0.010 O~OlO ·0·.-0:13 
0.010 0.010 0:~01·2· 
0.009 0.009 0 .• :010· .. . .. 
0.008 0.008 0 •. :010· 
I '·., ,·. • 
0.008 0.008 O~OlCY 
0.007 0.007 0.009: 
0.007 0.007 0.008 
0·-.007 0.007 0.008 
0.037 0.037 0.037 
1.000 1.000 1.000 
I 
'··/ 
.. 
'~93'0 
1. 
-·2· 
3 
:4 
5: 
·6' 
7:· 
8 
·9.. 
40 
l 
2 
__ 3.· 
:4· 
.5· 
6 
7 8: 
:9 
·5.cJ 
l. 
2 
Co. A 
* 
* 
* 
* 56.02 
59.77 
57.95 
53.56 
57.19 
58.18 
61.79 
59.40 
63.42 
62.o8 
64.45 
57. 58 
59.21 
60.84 
57 .83 
59.37 
.. ~.56. 
;60._.05: 
. ·, 
TABLE XVII 
AC'lUAL_ANNUAL LOAD FACTORS 
(PER.CENT) 
... ,_., ... ~··•' .~· 
Co. B 
-
-
50.99 
48.77 
50.38 
49.72 
50.31 
55.01 
49.63 
48.77 
49.88 
52.29 
58. 71 
60.44 
.6.·o .• · .9 __ --5-•_: 
:51.·78. 
:52-~99 
:54_. 61 
5lr~ 98 
.J2.-96: 
.. c 
5:3 io.25 
·5·5.·20-
•,-: •' 
55·.11 
Co. C 
-
52~_~0 
51.55 
52.68 
51.89 
51.79 
55.41 
52.73 
53.97 
55.19 
5.5.9_1 
61 .. 9.i 
66:.:07 
6:5 .1e. 
62.92 
58.84 
60.44 
58.98 
59.06 
·· '58··.oo · 
57.• 79: 
·59: •. 68: 
--.. ~-.... ,,,,-,3 6i.80 
59.31 
59.44 
61.69 
61.88 
5t5..1.3 
53.74. 
:6·1 .• 51 
:_58·.33 
.58,.:35 
61.65 
5_9.96 
. -~ : 
4 
5· : 
,6 
1 
:8 
. : 
·9 
:60 
59. 56 
59.21 
60~88 
.. ;.· . 
:53 .. 90. 
56 --7.5. 
55.34 
$6·.·07 
55.50 
_5·3: .•. 94 
60:. 57 
:59.:47 
.59 .:Ql 
~ 
.: 
i'tJ)it;~s: "* 11 Not :~v~i.,1able ;. ,,:~:tr: D,oe-s no.t: apply•· .. 
I• 
1~ .... 
. :, ; . 
Co. D Co. E 
* * 
* * 
* * 55.57 46.22 
59.80 49.54 
57.20 52.17 
58.80 53.13 
64.91 52.37 
53.28. 54. 77 
58.38 54. 51. ~: 
6.5: •. 47 5.3 .• 06 
. . 
6~·-3i -55·., 35 
66.28· 57 .. 84 
70 .J.8· 58.o8 
·69.32 59.74-
: .. '. 68.32 :56_.87 
60.32 5·4.3·5 
63.50 5.5.82 
64.32 55._25: 
60.16 5.5 .. 91 
~.27 '..56.~·3. 
-96. 56 55 .. ~( _j 
64.04 53:-:99 
67.43 53.()8 
64.82 53.33 
66.46 5F:.45· 
66.80 ·52,_l,4 
67.17 ·50.63 
_65.38 50."45 
62.41 50:-.44 
66.84· 48 .. fi4-
. 
~---'-~"-·. ~--. -~·-. . .. . . 
. . 
-·-- -· ·-·-- .. -·-·- -- - . ~- -· ---·· - ·-·---.. ··-·--··--------·"" ···---- __ , ________ ·-··'- - - - --~- ." . .c.."-·-·--· . --. ·---~c-'·--·,---,-,--·-'·;--,--·-····--·-·-. . . . . .. 
-- ~ --------- _,_ ___ ··--·--~--- --- .. ·-,.-·-· . -~·-~---"----·=····-·-··--
·1 
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• 
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